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INTRODUCTION 


This is one of a series of Engineering Reference Data Bulletins containing information 
on apparatus designed by the Bell Telephone Laboratories, Incorporated, for other than 
military applications, and manufactured by the Western Electric Company or by other suppli- 
ers in accordance with specifications prepared by the Bell Laboratories. It is intended 
primarily for use by engineers of the Bell Laboratories, and contains information on 
apparatus which may be rated AT&TCo Standard, A&M Only, Component Part, or Special; codes 
classified ML; or codes designated for nonassociate use. Codes rated Manufacture Discon- 
tinued are not included. 


It is planned to bring this bulletin up to data periodically; however, the information 
contained herein may not be complete and the ratings of the items are not shown. The final 
selection of apparatus should, therefore, be made on the basis of the usual sources of 
information such as the Western Electric Apparatus Card Catalog, the manufacturing specifi- 
cations, and price data. For information regarding the output of apparatus, refer to the 
Western Electric Report A-822.1. 


The bulletin may include some codes of apparatus for which catalog cards will not be 
found in the Western Electric Apparatus Card Catalog. Such codes are in general rated 
"Component Part." This rating is applied to apparatus where it is believed that the associ- 
ated telephone companies will have no need for apparatus card catalog information and orders 
for the apparatus from the field are not expected. 


When apparatus, that is not listed on a white card in the Western Electric Apparatus 
Card Catalog,is selected for use in new applications, the Head, Standards and Materials 
Engineering Department, Department 6251, Bell Telephone Laboratories, Incorporated, Holmdel, 
New Jersey 07733, should be notified of the new use and probable demand so that considera- 
tion can be given to rerating the apparatus. When such new applications are made within the 
Bell Laboratories, the selection should first be discussed with the department responsible 
for the design of the apparatus. 
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General 


The AF, AG, AJ, AK, AL, and AM relays 
constitute a class of relay characterized by 
ecard operation of pretensioned wire-spring 
subassemblies. 
that have been attained in these wire-spring 
relays with respect to thersU, UA, UB, and Y 
relays are: 


1. Lower cost 
2. Faster operate and release times 


3. Sensitivity and marginal capa- 
pility comparable to that of UA 
relay 


4, Slow release times comparable to 
those of Y relay 


5, Reduced contact chatter and 
armature rebound 


6. Negligible contact locking 
7. Fewer open contacts 


8. Reduced contact erosion and 
faster Opening of contacts and 
low contact load energy 


9. Greater life and adjustment 
stability and nonaging magnetic 
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naterial 

10. Low magnetic interference 

11. Spring combination switching capa- 
pility equivalent to U relay 
Greater spring capacity has been 
obtained.) 

12. Lower cost of wiring 

13. Single contact metal and size 
palladium) 

14. Lower power consumption 


The various design and engineering 
characteristics of the wire-spring relays 
are presented in this bulletin. The new 
relays are not interchangeable, from a 
mounting standpoint, with the U, UA, UB, 
and Y relays; consequently, equipment, as 
well as circuit engineering, is required in 
applying them to switching systems. 


Description 

The AF, AG, AJ, and AL wire-spring 
relays consist of an armature, a core, three 
molded spring blocks or combs, and a moving 
card, all held together by a spring clamp 
that has sufficient tension to hold the 
parts in rigid alignment. There are sepa- 
rate twin-wire blocks for makes and breaks, 
and @ single-wire block, which is associated 
with the twin-wire makes or breaks. The 
twin wires are actuated by a moving card, 
making and breaking contact with the con- 
tacts of the stationary single-wire block. 
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The contacts are arranged in 12 positions 
in a vertical row. Each position may have 
amake, a break, a make-break, or a break- 
make spring combination. The make-and 
break-contacts can be operated in three 
stages of the armature travel; the stages 
are commonly termed late, early, and pre- 
liminary. 


The AK and AM relays are similar to 
the AF relay except that the armature and 
card are divided horizontally, effectively 
making two relays on one structure. Spring 
positions 6 and 7 are not used. Only two 
stages of contact operation, early and late, 
are used. 


Connection to the wiring terminals of 
all relays is obtained by wrapping the con- 
necting wire around the straight terminal. 
The terminals are satisfactory for solder- 
less wrapped connections. 


Relay Types 


There are six types of wire-spring 
relays: AF, AG, AJ, AK, AL, and AM. 


AF Relay 


The AF relay is used as the general- 
purpose relay with a load capability of 18 
contact pairs, and is equipped with a-short 
armature (0.062-inch thick and 1/2-inch 
legs). This armature has been provided to 
reduce armature rebound when the relay re- 
leases. It is always provided with stop 
discs of 0.006-inch, 0.014-inch or 0.022- 
inch thickness, as required to meet circuit 
conditions. The core is zinc-plated and 
the armature and backstop thinly chromium- 
plated to eliminate sticking on the back- 
stop. In addition to the operate require- 
ment, nonoperate, hold, or release require- 
ments may be specified for marginal appli- 
cations. Fig. I-l and I-2 show the front 
and rear views of this relay. 


AG Relay 


The AG relay, which generally has a 
copper or aluminum sleeve (Fig. I-3) over 
the center leg of the core, is a slow- 
release relay to replace the Y relay. Slow- 
releasing action may also be obtained by 
the use of a noninductive shunt or a short- 
circuited secondary winding. It is equipped 
with a long armature (0.078-inch thick and 
1-1/4-inch legs) without stop dises, but 
embossed where it strikes the core, similar 
to the Y relay armature. The armature and 
core are chromium-plated. Hold and release 
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Fig. I-l - AF Relay (Front 
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SPHERICAL. 
EMBOSSING 


AG ARMATURE AND 
HINGE SPRING 


Fig. 


Fig. I-4 - © Make- and 24 Break- 


requirements are always specified in addi- 
tion to the operate requirement in order to 
control the spread between minimum and maxi- 
mum releasing times. 


AJ Relay 


The AJ relay is used for operating 
the heavier spring loads and also for light 
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NONMAGNETIC 
SEPARATORS 


AJ ARMATURE AND 
HINGE SPRING 


I-3 - Additional Parts for AG and AJ Relays 


Contact Relay 


loads where greater sensitivity is required. 
It is equipped with the long armature and 
always provided with 0.006-, 0.O14-, or 
0.022-inch thick stop discs, as required 

to meet circuit conditions. The core is 
zZinc-plated and the armature and backstop 
thinly chromium-plated to eliminate 

sticking on the backstop. Nonoperate, hold, 
or release requirements may be specified 
for marginal applications. 
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T-5 - AK and AM Relays 


Fig. 


The AJ relay may be equipped with core 
laminations (Fig. I-3) consisting of a strip 
of iron on each side of the core. This in- 
ereases the impedance so that the relay may 
be satisfactorily used as a bridged impedance 
transmission relay. A relay equipped with 
core laminations will also pull heavier 
spring loads. 


24 Make-Contact Relay 


A special variety of the AJ relay has 
been made available for conditions where 
more than 12 make-contacts are required. 
This relay can replace two relays, or can 
be used where a multicontact relay might 
otherwise be required. 


The 2 make-contact relay uses four 
molded wire blocks, two single-wire blocks, 
and two twin-wire blocks. The contacts are 
arranged in two vertical rows of le contacts 
each, as shown in Fig. I-4 


2h Break-Contact Relay 


A 2 preak-contact version of the AJ 
relay is also available for use where more 
than 12 break-contacts are required. It is 
Similar to the 24 make-contact relay in 
appearance and construction. The contacts 
are arranged in two vertical rows of 12 
contacts each, as shown in Fig. I-4. 


AK Relay 


The AK relay is essentially two relays 
that mount like a single relay. There is 
a single core plate, core and balancing 
spring, but two armatures and two actuating 
ecards. The twin- and single-wire combs for 
the two relays are molded as single units. 
Fig. I-5 shows the general appearance of 
the relay. 


The AK relay has a capacity of five 
contact sets on each half. Hach contact 


NOTE 
LAMINATIONS) 


CORE (LAMINATED) 


ARMATURE (AF TYPE) 


Fig. I-6 - AF Relay Magnetic Structure 


set may be &@ make, break, break-make, early 
preak-make, or early make-break. No pre- 
liminary contacts are available, since there 
is no long-travel AK relay. 


AL Relay 


The AL relay is a magnetic latching 
variation of the general purpose type wire 
spring relay. It has been designed to (a) 
operate on relatively small amounts of 
power, (b) operate and release in times of 
extremely short duration, (c) remainlatch- 
ed (operated) with current removed, and (4d) 
release only when & reverse current is 
applied. Contact arrangements currently 
available on AF-, AG-, and AJ-type relays 
may be obtained on the AL-type, also. In 
appearance, it is identical to the AF-type 
relay. 


AM Relay 


The AM relay is a magnetic latching 
version of the AK dual armature relay. The 
contact arrangements and coil resistances 
available are the same as for the AK. It 
has the same operating characteristics as 
the AL relay with regard to its magnetic 
latching features. 


Magnetic Structure 


The magnetic structure of the AF, AG, 
and AJ relays consists of a laminated E- 
shaped core and a flat U-shaped armature 
(Fig. I-6). Silicon iron is used for the 
armature in preference to magnetic iron 
because it has a higher resistivity, which 
contributes to faster operating and re- 
leasing times and also has much less mag- 
netic aging properties. The E-shaped core, 
originally of one-piece construction, is 
made of two pieces of 1010 low carbon steel, 
resulting in a slight improvement in mag- 
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Fig. I-7 - A® and AK Relay Balance Springs and Cards 


netic capability while materially reducing 

the cost. The relatively wide spacing of 

the core legs reduces the leakage, thus 

increasing the useful magnetic flux. The 

AL relay core is made from a single piece 

of 1045 medium carbon steel in order to 
Sobtain the desired magnetic latching charac- 
teristics. 


x Two different armatures are provided: 
Ha short armature, 0.063-inch thick with legs 
1/2-inch long for the AF relay and a long 
armature, 0.078-inch thick with legs 1-1/4- 
inch long for the AG and AJ relays. Both 

armatures are coined to a thickness of 
©.058-inch at the front,where they pass 
through the opening in the core plate, so 
that the same core plate may be used regard- 
less of the armature used. The AF and AJ 
relays are equipped with nonmagnetic separa- 
tors, or stop dises, 0.006 inch 0.014 inch. 
or 0.022 inch high. The stop discs vary 
-0.000 inch, +0.003 inch. The AG relay 


armature has a spherical embossing (Fig. I-3). 


The stop discs prevent an iron-to-iron con- 
tact between the armature and the core, and 
the embossing provides a more uniform reluc-. 
tance between the armature and the core for 
the slow releasing AG relays. The armature 
is-supported by a hinge attached to the two 
legs in such a manner as- to produce @ mini- 
mum rebound when the relay releases. 


The magnetic structure of the AK and 
AM relays differs considerably from that 
of the other wire spring relays. The core 
is U-shaped (Fig. I-5) and the coils are 
placed over the two legs. Both the AK and 
AM cores are of one-piece construction, 
differing only in the grade of steel used, 
and the method of heat-treating. 
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Fig. I-8 - AK Relay Coil Assembly and 
Core Plate 


The U-shaped armature is replaced by 
a flat armature that has a double offset 
(see Fig. I-5) to fit around the coil. Only 
one stop disc height, 0.005 inch, has been 
used. Where slow release times are re- 
quired, a spherical embossing similar to 
that on the AG relay is used. 


Balance Spring 


The armature of the. AF, AG, AJ, and AL 
relays is held against the backstop by 4 pre-~ 
tensioned U-shaped balancing spring (Fig. 
I-7). There are eight balancing springs of 
various thicknesses with different offsets, 
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Fig. I-9 - AF, AG, or AJ Relay Coil 
Assembly and Core Plate 


and the one used on any particular relay de- 
pends on the number of make-contacts on the 
relay. These springs may be adjusted with- 
in certain limits to meet marginal circuit 
conditions. 


Hach armature of the AK and AM relays 
is held against its backstop by two arms of 
a balancing spring (Fig. I-7). ‘There are 
two balancing springs, and the one used de- 
pends on the number of make-contacts on the 
relay. 


Core Plate 
Ar, AG, Ad, and AL Relays 


After a cellulose acetate filled coil 
(see Section X) has been assembled to the 


STATIONARY WIRE ASSEMBLIES 


center leg of the core, a core plate (shown 
in Fig. I-9) is forced over the ends of the 
E-shaped core to hold the three legs in 
good alignment for proper mating with the 
armature. The speed.and pull depend, to an 
important extent, on the alignment of the 
armature with respect to the three legs of 
the core. A clearance is required between 
the armature and the side legs to insure 
that the armature hits the stop discs, or 
dome, and not the side legs. On the other 
hand, if this side-gap clearance is too 
large, a loss of pull capability results. 

A lip on the core plate serves as a back- 
stop for the armature. The core plate also 
provides a means of mass-adjusting the 
contacts. This can be done by inserting a 
screwdriver in the upper or lower adjusting 
slots and twisting the screwdriver. The 
lower slot controls contacts 1 through 6; 
the upper slot controls contacts 7 through 
12. The armature travel is governed by 

the height of an opening in the core plate, 
the armature thickness; and the stop-disc 
height. Thus, &@ separate core plate is 
required for each of the three stop-disc 
heights and each armature travel stage. 


AK and AM Relay 


A single core plate (Fig. I-8) fits 
over the cores of the two halves of the 
relay. It provides the same method of ad- 
justment as that of the AF relay, except 
that the upper slot controls the adjustment 
of the top relay unit and the lower slot 
the bottom relay unit. The core plate has 
two lips, one serving as the backstop for 
each relay unit. 


Spring Assemblies 


One of the major features of the 
relay is the use of molded spring assemblies. 


TWIN WIRE ASSEMBLIES 


Fig. I-10 - Molded Spring Assemblies Before Cutting to Length 
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A number of wires are fed into a molding 
press, where a4 plastic biock is molded 
around the wires to-hold them in place. The 
molds are also shaped to provide dowel pins 
and holes in the molded blocks which facili- 
tate the relay assembly and hold the parts 
in alignment. Fig. I-10 shows continuous 
ladders of molded wire spring sections be- 
fore they are cut to length. 


In general, three basic wire spring 
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these carry twin wires of copper-nickel 
for make- and break-contacts and are 
identical except for some details in 
forming at the terminal end for conveni- 
ence in wiring. The third comb consists 
of a@ group of 12 (ten on the AK and AM 
relays) relatively heavy copper-nickel 
single wires molded in plastic sections, 
one a short distance behind the contacts 
and the other near the terminal end of the 
relay. These sections are rigidly support- 


assemblies, or combs, are required. Two of ed in the relay structure. The twin-wire 
CONTACT, BALANCE TWIN WIRE ASSEMBLY 
SPRING 
FOR MAKES 
STATIONARY 
WIRE ASSEMBLY diy 
(ALL TERMINALS 
E SAME LENGTH) 
y 
CARD = me hree Gyre eee MOUNTING NUT 
ey 
| 
oe TE MOUNTING BRACKET 
PLATE asim rte 
(NOTE CORE 
LAMINATIONS) ARMATURE AND 
HINGE SPRING 
Fig. IT-ll - Top View of AF Relay Showing Location of Parts 
U RELAY 
Vs 0.33 Lew 
IN. 
UB RELAY 
AF RELAY 
je 2.56 IN. i 
Pig. I-12 - U, UB, and AF Relay Springs 
NORMAL POSITION AFTER ASSEMBLY 
CONTACT 
MOTION ————— 
7 een fe aigaeeneeenion OF TWIN 
PRE- ae WIRES BEFORE ASSEMBLY 
DEFLECTION (7S 
STATIONARY CONTACT 
Fig. I-13 - Predeflection of Twin Wires 
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assemblies are mounted on either side of the 
stationary single wires. Fig. I-ll shows a 
top view of the relay and the location of 
the parts. 


Contacts on the movable twin wires are 
associated with the single fixed contact. 
The twin wires are held in good alignment 
with the single contacts by molded guide 
slots in the single-wire comb just behind 
the card. These slots are slightly wider 
than the wires so that the wires are free to 
move in the direction of the single wires 
put are restrained in the lateral movement. 
Fig, I-12 shows the independent action of 
the twin contacts compared with the limited 
action of the twin contacts on the U and UB 
relays. This contact arrangement assures 
contact reliability and reduction of open 
contacts in the presence of dirt. 


Each group of twin wires is tensioned 
toward the stationary wires by means of large 
predeflections (approximately 1/2 inch) be- 
fore assembly. The contact forces are con- 
trolled by this predeflection as illustrat- 
ed in Fig. I-13. When the twin-wire blocks 
are assembled in the relay, the twin wires 
are displaced from their free position by 
the single contacts or by the actuating 
ecard. The stiffness of the twin wires is 
such that this results in a contact force of 
about 12.5 grams for each contact pair of a 
standard wire-block. 


The twin wires are actuated by a4 
single punched fiber card, which in turn is 
actuated by the armature. The tension of 
the twin wires is always in a direction to 
hold the contacts closed; therefore, the 
ecard must hold the make-contacts open when 
the relay is unoperated, and the break- 
contacts open when the relay is operated. 
The armature back tension is thus the sum of 
the restoring forces of the balance spring 
legs, minus the forward tension of the twin 
wire movable springs of the make-contacts. 


The single-wire stationary combs are 
always provided with a full complement of 
wires in order to support the front molded 
section which is held against the core plate 
by the tension of these wires. Only the 
single wires mating with twin wires may be 
equipped with precious metal contacts. 

Thus, the single wire may be equipped to 
accommodate a make-contact or a break-contact 
only, @ sequence contact, or no contact, 
depending on the arrangement. 


Actuating Card 

Thetwin wires are actuated by a phenol 
fiber moving card (Fig. I-7) held against the 
armature by the tension of a flat balancing 
spring. The twin wires that form the make- 
contacts are pretensioned against the outer 
edge of this card and toward the single 
mating contacts and the core. As the arma- 
ture moves toward the core, the card allows 
the twin-wire springs to move forward to 
make contact with the single-wire contacts. 


1-8 


As the armature movement continues, the 

eard touches the break-twin wires, which are 
tensioned against the single-wire contacts. 
As the armature continues to move further 
towards the core, the actuating card lifts 
the break-twin wires from the mating single- 
wire contacts and the break contacts open. 
The principle of operation is shown in Fig. 
I-14 for transfer contacts. 


Contact Sequences 


Contact sequences are obtained by con- 
trolling the contact so that it functions 
early or late in the armature stroke. The 
particular point at which contacts make or 
preak depends mainly on the dimension of the 
card between the surface which bears against 
the armature and that which engages the twin 
wires. By providing recesses for early 
makes and shoulders for early breaks, any 
contact can be made to operate early or late 
in the armature stroke. Thus, a transfer is 
obtained by making the card dimension such 
that a break-contact will open before its 
associated make-contact closes. A continuity 
combination is obtained by controlling the 
card dimensions so that the make-contact 
closes before its associated break-contact 
opens. Fig. I-15 shows an early break -make 
(transfer), an early make-break (continuity), 
and a break-make (nonsequence transfer) 
side-by-side. Of the contacts shown, only 
two operate early, and this is accomplished 
by means of the two steps in the actuating 
card. If no different sequences were 
required, the card would have two straight 
unbroken surfaces, one for the makes, and 
one for the breaks. 


Combinations with sequences require a 
longer armature travel than those with no 
sequences. Three different travels or con- 
tact stages are provided. At the card, 
these travels are: 0.026 inch (short) for 
no sequences, 0.044 inch (intermediate) for 
one sequence, and 0.060 inch (long) for pre- 
liminary contacts that involve two stages 
or sequences. The 0.060-inch travel is not 
used on the AK and AM relays. 


Mounting 


The relays are mounted with two screws, 
which engage a clamp plate held in the rear 
assembly. The molded rear assembly is such 
that the relays are insulated from the 
mounting plate without the use of separate 
mounting plate insulators. 


Generally, all relays mount on 2-inch 
vertical and 1-1/2 inch horizontal centers, 
except transmission relays requiring a mag- 
netic shield, and the 24 make relay. In 
the case of the transmission relays, 1-3/4 
inch horizontal centers are required. 


When mounted next to each other on 
1-1/2 inch horizontal centers, the wire 
spring relays nest in such a manner that 
there is a nominal clearance of 1/8 inch 
at the closest points. When mounted next 
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Pig. I-14 - Principle of Operation of Transfer Contacts 
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Fig. I-15 - Method of Obtaining Early Contacts 
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to dissimilar apparatus, however, the adja- 
cent apparatus seldom nests with the wire 
spring relay and somewhat larger space must 
be allowed. Where no penaities in the 
number of mounting plates occur, the center- 
to-center dimension, between the wire spring 
relay and the dissimilar apparatus, should 


BUFFER SPRING 


Fig. I-16 - Buffer Spring 


pe increased 1/8 inch. The AJ relay, 
equipped with a magnetic shield, is con- 
sidered dissimilar apparatus since relays 
equipped with the boxlike shield will not 
nest. 


Where the additional 1/8-inch aliow- 
ance, due to dissimilar apparatus, will 
cause the use of an extra mounting plate, 
the following minimum mounting allowances 
may be used. 


AP,AG,AT,AK, 
AL, 
Dissimilar apparatus 
on coil side of relay - 
all lengths 0.033 inch 
Dissimilar apparatus 
on spring side of relay - 
2-7/8 inches or less from 
mounting plate 0.033 inch 
Dissimilar apparatus 
on spring side of relay - 
over 2-7/8 inches from 
mounting plate 0.067 inch 


The 24 make relays may be mounted on 
1-3/4 inch centers with respect to other 
e4} make relays, but the use of 2-1/2 inch 


mounting centers is recommended as a means 
of reducing the wiring congestion at the 
back of the relay. When a general purpose 
wire spring relay is mounted on the spring 
side of a 24 make relay, the minimum 1-5/8 
inch center-to-center spacing should be 
increased to 1-3/4 inch to obtain an adequate 
clearance between the outer row of terminals 
on the 24 make relay and the coil terminals 
of the general purpose relay. 24-make 
relays with more than one winding require a 
special layout of mounting holes and a mini- 
mum mounting center of 2 inches. 


Assembly of Coded Parts 


The design of the wire spring relay 
permits considerable savings in assembly 
and adjusting cost. Major design features 
that contribute to low assembly cost are; 


1. The use of molded spring subassemblies, 
which avoid individual handling of the 
wire springs. 


2. Clamping the relay pile-ups by means 
of & simple steel spring clamp. No 
screws are used in the relay except 
those that fasten it to the mounting 
plate. 


3. A single, easily-mounted operating 
card. 


A large variety of different relay 
codes are obtained by assembling parts 
that, for assembly purposes, are identical. 
Thus, the assembly operation is essentially 
the same for all codes. A buffer spring 
(Fig. I-16), which is used to obtain an 
increased load in the operated position 
without increasing the unoperated position 
load, can be placed on the relay (except 
the AK or AM relay) after the assembly is 
completed. Fig. I-17 shows the parts that 
are used in the assembly of the AF relay, 
and Fig. I-18 the AK relay. 


While it is possible to have a great 
number of different molded spring combs, it 
is expected that a.relatively small number 
will be adequate for all uses. Relatively 
few of the large number of actuating cards 
possible will be used. Only eight have been 
used on the AF, AG, AJ, and AL relays and 
four on the AK and AM relays up to the 
present time. 


Contact Cover 


Fach relay is equipped with a molded 
styrene-acrylonitrile cover, which encloses 
only the front of the contacts and protects 
them from dirt. The cover also traps the 
twin wires in the individual guide slots to 
avoid displacement and crossing of these 
wires such as would occur during shipment 
and under pressure-cleaning conditions. It 
is important that the cover be kept in place 
at all times except for relay maintenance. 
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CORE AND COIL ASSEMBLY 


CORE PLATE 


CARD BUFFER SPRING 
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Life 


It is expected that AF, AG, AJ, and 
AL relays will have a life of 100 to 300 
million operations depending on the coil 
resistance and spring combination. Where 
longer life is essential, special features 
can be used that will extend the life to 
approximately one billion operations. These 
special features consist of heavy chromium 
plate on the armature, core, and core-plate, 
stop discs of No. 1 contact metal, and 
stainless steel wear pads on the core legs 
in the region where the armature pivots. 


The AK and AM relays have a life of 
about 40 million operations. When long life 
features, as noted above, are incorporated, 
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TWIN WIRE BLOCK (MAKE) 


SINGLE WIRE BLOCK 


CLAMP PLATE MOUNTING BRACKET 


Relay Parts 


these relays have a life expectancy of 100 
million operations. 


Contact Chatter and Rebound 


Contact chatter in general purpose 
relays has several causes. For convenience 
in discussing the extent and characteristics 
of chatter on the wire spring relays, chatter 
can be divided into four fundamental types, 
characterized by their cause, as follows: 


i. Initial Chatter is chatter occurring 
immediately after contact closure. 
This is usually confined to a period 
of about 100 psec after closure. It 
is usually of high frequency and has 
sometimes been called fine chatter. 


GENERAL 


Fig. I-18 - AK Relay Parts 


2, Shock Chatter is caused by vibration Type of Relay 
of the springs resulting from the impact 
of the armature as it strikes the core Chatter* AF or Ad Slowt 
or backstop on operate or release. Controlled by 
This type of chatter usually starts Mass Load 
from 1 to 3 msec after the initial «as 
closure and is periodic in nature. ae ¥, v Vv 
3. Hesitation Chatter is caused by Hesitation WA af 
hesitation of the armature during the Rebound - 
operate or release stroke. Abrupt Short AT WA 
changes in load cause the armature to Rebound - 
momentarily stop or even reverse its Int & 
direction of motion before completing Long AT VA VA nh 
EO SP RORES * Checks (/) indicate conditions where 
4, Rebound Chatter is caused by the chatter can occur. 
te eos ee striking + AF, AG, or AJ relays with sleeves or 
shunts. 
Conditions under which the various 
kinds of chatter can be anticipated are The wire spring relays show sub- 
shown in the following tabulation. stantial improvement in performance over 
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Older relays in all types of chatter except 
hesitation and rebound chatter. 


Initial Chatter 


This type of chatter may occur on any 
wire spring relay contact, but it will be 
found more often on the make-contacts of 
fast-operate or lightly loaded relays. Its 
occurrence and duration are so small that 
for most circuit applications it can be 
neglected. It has some adverse effect on 
contact erosion, but the effect is included 
in the life estimates of contact performance. 


Shock Chatter 


This type of chatter is a function of 
the armature speed and does not occur on 
the operate of the slower relays or on the 
release of lightiy-loaded or slow-release 
relays. It will occur most frequently on 
the fast-operating speed coils. Its occur- 
rence and duration are so small that for most 
circuit applications it can be neglected. 


Hesitation 


Hesitation is a temporary slowing 
down, stopping, or reversal of the armature 
during its travel between the core and the 
backstop on either operate or release. This 
tends to increase the stagger time between 
contacts and prolong the operate or release 
time. Operate hesitation occurs when the 

oOspring load builds up faster than the arma- 
rature pull, and usually occurs on the high- 
tinductance coils or under marginal condi- 
sdtions. Hesitation chatter may also be 
induced by rebound of the armature under 
high pulse rate conditions. Operate hesi- 
tation is worse on relays with a large 
number of springs, which are picked up 
early in the armature travel with little 
dispersion of the contact pickup points. 
A change in the adjusting requirements to 
prevent picking up the contacts too early 
has practically eliminated hesitation on 
coils of less than 700 ohms and reduced the 
tendency of hesitation on the higher 
resistance coils. 


Hesitation may be reduced or eliminated 
by three methods: 


1. Use more power on the coil. 


2. Use an adjustment to guarantee a 
gradual or late load pickup. Adjust- 
ing the core plate tabs so that 
the single-wire comb is moved nearer 
to the core increases the distance 
that the armature travels before 
picking up the load. As a conse- 
quence, the armature is traveling 
faster and the pull is greater as 
the load is picked up; both factors 
reduce hesitation. 


3. Use an AJ relay in place of an AF 

———petayr THe greater pull of the Ad 
relay, under the same circuit condi- 
tions, tends to reduce hesitation. 
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Release hesitation is encountered 
almost entirely on relays with buffer 
springs. When the buffer spring load is 
dropped, on the release of the relay, the 
armature may stop or momentarily reoperate 
some contacts before moving to the backstop. 
Since the hesitation is caused by the abrupt 
dropping of the heavy buffer spring load 
while there is still some flux in the relay, 
the remedy is to remove the buffer spring, 
if this can be done. 


Rebound 


Rebound is the bounce of the armature 
after it hits the backstop on release. On 
wire spring relays with a short armature 
travel, all the contacts may close at about 
the same time leaving no contact safe from 
rebound, if it occurs. On intermediate 
travel relays the late contacts are usually 
esafe from closure on rebound. 


The make contacts of continuity (EMB) 
springs are vulnerable to rebound on relays 
with intermediate travel. Where such 
springs are used to lock a relay, the lock- 
ing circuit should not be re-enabled for at 
least 20 msec after the relay has released 
in order that rebound will not cause the 
relay to lock falsely. This condition can 
sometimes be overcome by the use of a long 
travel relay whose preliminary contacts may 
absorb the rebound. Rebound can also be 
reduced by the use of a minimum 60-gram 
armature back tension. A flexible mounting, 
P-~19A890, can also be used to aid in reduc- 
ing rebound, especially under pulsing 
conditions, 


Rebound is aggravated by operation 
under a pulsing condition, a release from 
a short pulse closure and the use of a shunt, 
contact protector, or sleeve. Table I-1 
summarizes the results of a study of rebound 
on the wire spring relay with contact pro- 
tection but no sleeve or shunt. It shows 
that relays with light spring loads (two 
to six contacts) should be free from rebound, 
except possibly under pulsing conditions. 
Rebound chatter increases with the use of the 
long armature, the number of springs, and an 
increase in the armature travel. 


TABLE I-j 
ESTIMATE OF OCCURRENCE 


AND DURATION OF 


CONTACT OPERATION DUE TO REBOUND 

No. of Length of 
Relay Arm. Contact False 
_Type Travel Spring Pairs Operation 
AF Short 2 to 18 None 
AF Int 2 to 6 None 
AF Int 7 to 18 0 to 2 
Ag Short 2 to 6 None 
AT Short 7 to 18 O to 3 
AT Short 19 to 24 1 to 4 
Ag Int 2 to 6 QO to 1 
Ag Int 7 to 18 0 to 4 
Ag* Int 19 to 2 2 to 6 


*May have two or three false operations. 
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Long travel relays are not included 
in Table I-~lL. They are worse than the 
intermediate travel relays. lLightly-loaded 
long travel relays may be liable to false 
closure of the preliminary contacts; 
heavily -loaded relays may close both the 
preliminary and the early contacts. 


Rebound is negligible on the AK relay 
if either half of the relay is operated or 
released while the other half of the rélay 
is stationary. If both halves are released 
together, or within 50 msec of each other, 
rebound chatter may occur. 


Short Pulse Operation 


The contacts of a relay can be caused 
to function on a pulse of current shorter 
than the actual operate time of the relay. 
This effect is due to the armature inertia 
and is aggravated by the use of a contact 
protection network. The actual operate 
time of a relay operating from a short 
pulse is longer than its operate time on 
a long steady closure. : 


Under the worst conditions, short \ 
travel mass-controlled wire spring relays| 
may Operate on @ pulse equal to about 50 
percent of their actual operate time if 
protected by a 186A network, 60 percent 


if protected by a 185A network, and 70 per- 
cent if unprotected. When the back tension 
is increased, the armature travel or the 
contact gap tends to make the length of the 
pulse required to operate the relay approach , 
the normal operate time. ee 


Similarly, an interruption of the 
coil current, much shorter than the release 
time of the relay, may permit the armature 
to fall away from the core and open some of 
the closed contacts. In extreme cases, with 
no contact protection, an interruption of 
current as short as 40 percent of the re- 
lease time can release the relay. With 
contact protection the open interval to 
release the relay would vary from 50 to 75 
percent of the normal release time depend- 
ing on the contact protection and relay 
coil. 


Grounding Strap 


The wire spring relay is usually insu- 
lated from the mounting plate, but it is 
sometimes necessary to ground the relay 
core for shielding reasons in high-frequency 
circuits. A grounding strap, P-15A868, — 
which is assembled in the relay behind the 
mounting bracket, has been developed for 
this purpose. It must be specified as part 
of the relay code. 
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General 


code information 
and AM relays 
date of issue. 


This section contains 
for all AF, AG, Ad, AK, AL, 
that have been coded on the 
The information is arranged in 4 form to 
facilitate the selection of relays to meet 
particular circuit requirements. 


The relay code information, 
number, 


ie, code 
spring combination, winding, and ad- 
justment information, is listed in Tables 
-l, II-2, II-3, and II-4 according to the 
number of contacts on each code, Each M, B, 
EM, EB, PM, and PB contact arrangement 
counts as one contact. Hach EMB, BM, and 
EMB contact arrangement counts as two con- 
tacts, 


for a 
in 


To Locate the design information 
particular coded relay, lists of codes 
numerical order are provided preceding Table 
TI-L. These show the table number and the 
number of contacts where this information 
may be found. 


High-Operation Relays 


Wire spring relays that are expected 
to operate several hundred million times in 
a 40-year life require the use of special 
long-life features to avoid the necessity of 
periodic readjustments to compensate for 
wear. These special features consist of 
heavy chromium plate on the armature, core, 
and core plate; No, 1 metal stop discs; and 
stainless steel wear pads on the core legs 
in the region where the armature pivots. 

The number of operations, in millions, for 
which relays with different coils are satis- 
factory without the use of the long-life 
features are: 


1 to 6 Contacts over 6 Contacts 


Res S Travel I Travel S Travel I Travel 
16 150 100 200 150 

270 250 200 300 250 

400 300 200 300 300 

700 350 300 400 350 

Over 

700 4Oo 350 OO 350 


Relays that operate in excess of these fig- 
ures should be equipped with the long-life 
features. Relays with the long-life fea- 
tures are coded in a separate code series. 
These relays should not be used unnecessari- 
ly since the long-life features increase 

the cost of the relay by approximately 

15 cents. 


Code Numbers 
The following blocks of code numbers 
have been established for the AF, AG, AJ, 


and AK relays. There is only one code 
series each for the AL and AM relays. 
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Ordinary Relays 
rte I2 


Contact 

Positions 24 Makes 
AF1 to 499 None 
AJ1 to 199 AJ200 to 299 - 
AG1 to 199 None 
AKL to 499 None 


Long-Life Relays 


aly SiG O5 aL: 

Contact 

Positions 24 Makes 
AF500 and up None 
AJ500 to 699 AJ700 to 799 
AG None Anticipated 
AK500 and up None 


At the present time, there are 459 
codes of wire spring relays being manufac- 
tured. This number includes all the basic 
types Listed above and represents many com- 
binations of winding resistances and contact 
arrangements. Special requirements, such as 
long-life features, or nonstandard adjust- 
ments, will result in a slight increase in 
price of the relay. 


It is economical to use relays having 
spare contacts on the following basis before 
considering a new code with the exact number 
of contacts required. 


Demand per 
10,000 Lines 


Permissible 
Spare Contacts 


800 - 400 1 
4O0Q - 200 2 
200 - LOO 3 
100 - 80 5 
80 - 60 6 

60 ~ 50 8 
Less than 50 10 


Procedure 


Count the total number of required 
contacts (M, B, EBM, etc). For AF and AJ 
relays, look in Table TI-1 for single-wound 
or in Table TI-2 for multiple-wound relays, 
starting with the total number of contacts 
required. For AG relays look in Table II-3, 
and for AK relays, Table II-4. AL relays 
are listed in Tables II and II-2A and AM 
relays in Table II-4A. the exact combi- 
nation is not coded, then select the code 
available having the lowest number of con- 
tacts that will meet the requirements and 
determine if this design is economically 
satisfactory for the known demand. 


Tf a satisfactory relay is not found 
in these tables, submit a wire spring relay 
request in duplicate to the relay require- 
ments group (Form E-973A). 


pee 


} 
] 


Ne 


CODE INFORMATION 
Adjustments 

The Western Electric Company adjusts 
all U, UA, and Y relays furnished on wired 


equipments in the wiring shop, and uses the 
current flow values shown in the Circuit 
Requirements Table. With this program, the 
current flow values on the Circuit Require- 
ments Table need not be the same as the M 
specification. 


With the introduction of the wire 
spring relay, the Western Electric Company 
feels that it is more economical to adjust 
these relays in the relay assembly shop. 
This is due to the greater stability of the 
relay, the use of fewer adjustable features 
resulting from more preformed and preten- 
sioned springs, the expectation of less ad- 
justing effort, and the mass adjustment of 
the same code of relay. This program also 
permits the establishment of a single ad- 
justing shop instead of one in the assembly 
shop and another in the wiring shop. The 
circuit requirements values must therefore 
be no more severe than the M specification 
values in order to avoid checking and read- 
justing effort in the wiring shop. 


It will not be permissible to specify 
requirements on the Circuit Requirements 
Table that are not a part of the M specifi- 
cation. Where a relay requires current flow 
values different from those in the M speci- 
fication, it will be necessary to change the 
M specification or to issue a new code with 
the new adjustment. The choice of which 
procedure is to be followed will be deter- 
mined by the economics of the situation. 
the M specification is changed, the more 
expensive adjustment must be applied in the 
shop to all relays of that code, which might 
be uneconomical if there existed a high 
demand for the relay without the additional 
requirements. On the other hand, a new code 
for a relay with a small use would result in 
an increased overall production cost by man- 


Lf. 


ufacturing more small-lot orders. The cost 
of the two methods must be compared to deter- 
mine the most economical procedure. Section 


XI contains the data for making this compar- 
ison. On low-demand uses, a new code cannot 
be justified because the existing code has 
extra adjusting requirements. 


Where a multiplicity of requirements 
is shown in Tables II-1, II-2, and II-4 for 
AF, Ad, and AK relays, all of them need not 
necessarily be shown on the Circuit Require- 
ments Table for every circuit application. 
Those requirements that do not apply to a 
particular eLreuit condition may be omittéd. 
For instance, a nonopérate r equireme nt” 
should not “pe- ‘shown if there is no noh- 
“Operate condition in “the errcuit. Gheck ad- 
justments on other windings are not consid- 
ered as additional requirements, and there- 
fore may be used on the circuits without 
affecting the M specification, For example, 


It-2 


Az a relay is adjusted with two windings 


fserles aiding, 
/ shown for either winding alone in a partic- 
’ ular Circuit Requirements Table even though 


a check adjustment may be 


it is not specified in the M specification. 


The current flow See ae for the 
coded relays in Tables II- Tr-2,..and. II-4. 
arecreadjust requirements. * The test 
requirements 105 percent of the operate 
and hold requirements and 95 percent of the 
nonoperate and release requirements. 


Both test and readjust current flow 
requirements are shown for AG relays in 
Table -3. The margin between release test 
and readjust for these relays is on an 
ampere turn rather than a percentage basis 
to provide margin for wear, The margin 
between test and readjust is 5 percent for 
operate, nonoperate, and hold requirements, 


For AG relays, always specify the 
soak, operate, hold and release require- 


ments. 


Show "FS" in the "After Soak" column 
of the Circuit Requirements Table when soak 
currents are given, provided the full soak 
obtained under the test condition is equal 
to, or greater than, the specified value. 
If the full soak exceeds 0.7 ampere, the 
specified soak should be used. 


Armature Back Tension 


Armature back tension other than the 
standard (minimum 30 grams for AF, Ad, and 
AK relays; minimum 45 grams for relays with 
2} makes or 24 breaks; minimum 20 grams for 
AG relays) must be shown in the Circuit 
Requirements Table. 


Contact Gauging 


Contact gauging values other than 
standard are shown in Tables II-1l, II-2, 
II-3, and II-4 and must be shown in the 
Circuit Requirements Table. 


1 check, without gauges, will 
EBM, EMB, PBEM, and PMEB 
spring units. No check is made for any 
other sequence unless the sequence is speci- 
fied in the Circuit Requirements Table. 


A visua 
be made for all 


Resistance Tolerances 


Unless otherwise stated, the resist- 
ance variation of inductive windings is +10 
percent and noninductive windings is £5 per- 


cent. All resistance values are based on 
68° F, 
Contacts 


Only palladium (No, 2 metal) contacts 
of one size are used on AF, AG, AJ, AK, AL, 
and AM relays. The twin-wire contacts have 
a thin gold overlay. 
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Battery Connection to Springs 


- 


A Stance F 
Battery aid ground shall not be~con-, 


nected to springs in adjacent positions, ‘ 


OV 
Oo 
LN 


Lu 
al; 


“Contact Force 


YS VOTtS yr 


{pe 


since these springs may be shorted by the i 
contact burnisher. ult 


The AF, AG, Ad, AK, AL, and AM relays 
are generally designed to provide a nominal 
12.5-gram contact force. The sensitive re- 
lays are designed to provide a nominal 8- 
gram force. A high contact force range is 
available that provides a minimum 15-gram 
force. Since the contact force is non- 
adjustable, no reference is made to it in 
the Circuit Requirements Table. 


Armature Travel 


The armature travel is nonadjustable 
and so should not be specified in the Cir- 
cuit Requirements Table. The nominal arma- 


ture travels, measured at the card, are: 
Spring 
Travel Contact Combination 
Inch Sequence Number 
Short 0.026 1 Stage 1 to 199, 
500,501 
Intermediate 0.044 2 Stage 200 to 399 
Long 0.060 3 Stage 400 to 499 


Operate and Release Times 
a 


The operate and release times for the 
AF, AG, AJ, and AK relays are shown in 
Table II-5, II-6, II-7, and II-8. These 
times are based on local circuit operation, 
45 to 50 volts and no contact protection. 
The operate times are not shown for the re- 
lays that cannot be used in local circuit on 


AL and AM relays are normally pulse 
operated and, hence, their operate and re- 
lease times are circuit-dependent, For this 
reason, timing values are not generally 
listed; 


“facturing requirements, where appropriate. 


Circuit Preparation 


Wire spring relays may be blocked in 
the operated or the unoperated position, and 
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their contacts may be insulated. When a 
make-contact on the relay under test is in- 
sulated, the margin between the readjust and 
test operate should be increased to 10 per- 
cent to compensate for the effect of the 
contact insulator on the operate current. 


Winding terminals are extended to the 
front of the relay to provide connecting 
points for test purposes. The single-wire 
contacts may be used as connecting points 
for test purposes. This connection is made 
by a test prod that plugs into a 360 tool, 
as shown in Fig. VIII-1. The physical size 
of the 360 tools makes it impossible to pick 
up adjacent contacts without interference, 
At least two contact positions should be 
left between contacts to be picked up. As 
an exception, only one contact position need 
pe left between connecting points straddling 
the center of the spring combination because 
of the wider space between contacts 6 and 7. 


instead, they are specified as manu- 2 


Maintenance Specifications 


The following Bell System Practices 
cover the information for maintaining the 


wire spring relays. 


Section Contents 

O40-502-701 Maintenance and Adjustment - 
AF, AG, and AJ Relays 

O40-504-701 Maintenance and Adjustment - 
AK Relays 

069-020-801 Blocking and Insulating 

069-131-811 Test Connections 

069-306-801 Contact Cleaning 

069-310-803 Contact Replacement 

o40-502-801 Piece Parts and Replacement ~ 
AF, AG, and AJ Relays 

o40-504-801 Piece Parts and Replacement - 
AK Relays 

005-120-103 Winding and Spring Designa- 


\ 040-502-101 


tions 
Educational Information - 
AF, AG, and AJ Relays 


o40-505-501 Timing and Latching Force 
Tests Using J94735 Test Set 

040-505-701 Requirements and Adjusting 
Procedures - AL and AM Relays 

O40-505-801 Piece Parts and Replacement - 


AL and AM Relays 
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AF RELAY CODI 


eA 
op) 


Code Contacts Table Code Contacts Table Code Contacts Table 
AFL MD AF56 2 1 AF111 15 1 
AF2 MD AF57 8 ils AF112 13 1 
AF3 10 1 AF58 None AF113 12 1 
AFL 6 L AF59 4 1 AF1I4 7 1 
AP5 10 L AF60 7 L APLI5 7 1 
AF6 LL L AF61 5 1 AF116 14 1 
AFT None AF62 Replaced by AF115 AF117 10 1 
AF8 10 2 AF63 74 1 AF118 7 1 
AFQ 12 1 AF64. 18 1 AF119 11 1 
AF1O 9 L AF65 None AF120 12 1 
APL1 8 2 AF66 6 2° AF121 16 1 
AFI12 11 2 AF67 6 1 AF122 12 1 
AF13 11 1 AF68 3 2) AF 123 12 2 
AFI4Y. None AF69 Replaced by AF526 AF124 7 L 
AF1L5 “4 L AF7O 6 2 AFL25 13 L 
AF16 11 1 AP71 5 2 AF126 7 1 
AFLT y 1 AF72 4 2 AFLOT ep 2 
AF18 4 2 AF73 8 2 AF128 16 2 
AFLY9 4 1 AF74 Replaced by AF500 AF129 16 1 
AF20 14 1 AF75 Replaced by AF501 AF130 8 2 
AF2] LL 2 AF76 Replaced by AF502 AFI31 11 1 
AF22 6 1 AFT7 12 2 AF132 14 1 
AWe 12 AF78 None AF133 3 2 
AF2 12 1; AFT79 14 1 AF134 15 1 
AP25 6 1 AF80 Replaced by AF503 AF135 9 1 
AF26 6 1 AF81 Replaced by AF525 AP136 11 1 
AP2T 6 1 AP8e 15 1 AF13 6 1 
AF28 8 1 AFS3 12 1 AF13 1 1 
AF29 Replaced by AF114 APFou. 12 1 AF139 1 1 
AF30 12 1 AF85 7 a AFLUO 13 1 
AF31 Replaced by AF512 AF86 6 1 APIAL 6 2 
AF32 12 1 AF87 8 1 AFI142 10 1 
AF33 12 1 AF88 14 1 AFLY3 15 1 
AP34. 10 J AF89 4 1 AFIYY 5 1 
AP35 9 L AF9O 6 1 AFIA5 8 1 
AF36 Replaced by AF5144 AFO1 6 1 AFIL6 6 L 
AF37 12 1 AF92 11 1 AFLAT 12 1 
AF38 Replaced by APF515 AF93 «Replaced by AF504 AFIA8 11 L 
AF39 Replaced by AF516 ABPOQ4 12° 2 AFIA9 2 1 
AFLO 10 1 AP95 14 L AF150 10 1 
AFH1 Replaced by AF517 AF9Q6 3 2 AFI51 14 | 
AFL2 16 mae AFQ7 3 2 AF152 18 a 
AF4LS 3 1 AF98 13 1 AF153 13 L 
ARYL 4 1 AF99 6 2 AF154 nig L 
AFLS Replaced by AF519 AFLOO 16 1 AFI55 13 1 
AFU6 Replaced by AF520 AF1O1 4 2 AF156 8 1 
AFL7T Replaced by AF521 AF102 3 2 AF157 12 L 
AF4LS 16 1 AF103 3 2 AF158 8 L 
APL 13 1 AFLOM 3 2 APF159 8 1 
AF50 6 at AFLOS 7 1 AF160 fe) 1 
AF51 4 ab AFLO6 3 1 AFI61 14 1 
AP52 11 1 AF107 MD AF162 12 1 
AF53 13 1 AF1LO8 MD AF163 12 1 
AF54 12 1 AFLO9 vi 2 AFL64 9 1 
AF55 16 lL AF11LO 9 1 APL65 14 1 


CODE INFORMATION 


AF AND AJ RELAY CODES 
Code Contacts Table Code Contacts Table Code Contacts Table 
AF166 10 1 AJ16 20 1 AIT1 16 2 
AF167 8 Ll AJLY Replaced by AJ25 ATT2 oh, 2 
AF168 3 1 ag18 13 AT73 6 2 
AF169 9 1 agg 2  ags7h ra a: 
AF1L70 12 1 -Ag20 16 2  aAsT5 13 1 
AF500 8 ] ee a ,  AITE 7 1 
aréoe 16 r — Agge 20 1 ang 3 ; 
£2003 MD Ayou 3 5 AI79 u 1 
50]. 12 .. hee : ;  Ag80 1 
: Ag81 oy 1 
meece 2 ; AJ26 . 2 Agee 8 1 
feos ie a Ree 12 1 Ag83 oy i 
naeoe 2 1 = Age8 16 2 Agel 13 i: 
APSOQ 18 i Age9 3 2 AI85 5 1 
AJ30 cit 1 
AgJ86 5 2 
AF510 1 2 fee Fi : 
AP511 7 tT Saree 8 i ie i S 
AF512 6 L Age 16 5 Va i é 
AF513 12 1 OAg8s 6 i ec = 1 
AF514 6 1, AT34. 3 2 s 7 
AJ35 2 1 agg1 ‘le dt 
AF515 16 1 AT92 al, - 
AF516 8 a AI36 Lie -« 1 AJ93 19 1 
AF517 12 L-  AgSz 20 lL Ago 16 1 
AF518 16 1 = -Ag38 7 2  Agso5 16 1 
AF519 9 1 #99 eu, 1 AI96 12 é 
D aP520 sia 1 ATO e 5 as9T 1 2 
(A APSO 1 Le 1 z , ATI 5 i 
\ aReo0 6 «al mee % 5 -AI9S iT 2 
v4 APSO 7 Las Si 5 -AI1O0 3 
AF5e to asad MD Ag101 12 1 
AFS525 10 AT45 24. 1 Ag 102 ; 2 
AF526 Replaced by AF52u er a a 
AF52 6 ci ATE ue AT10 Th 7 
AF52 6 2  Agh7 1 a 
AF529 13 2 Ad: 8 4 2 AJ106 14 1 
ATL 7 2 Ag107 20 1 
reed se *  -Ag50 3 AJ108 2 1 
APD3¢ ee nn ick Ly aint = A 
APO33 a e fee 8 2 :. 4 
AF534 i a :4a2 A111 4 1 
BS 16 Le ReTiS 10 1 
AF535 12 i ree . = Ad113 20 2 
AF536 12 al a) . agi 9 2 
AJ1 2 2  AgT56 17 7 “eeltS 3 e 
AJ2 Replaced by AJ2u AJ57 6 2  AJ116 16 2 
AI3 20 lL Ags8 12 2 ° ASLIT 3 i 
AT4 None AJ59 3 2 AJ11 1 A 
AI5 ou. 1 ag6o 8 AJ119 1 1 
Ag120 16 2 
ee ae " fe Ly : AJ121 Replaced by Ag129 
AJ8 1 2 AJ63 9 nae s 
ATI 20 alt AT64. 17 Ay ou 18 i 
AJLO 5 2 Ad65 18 AJIPS as i 
AJ11 2 1 Ag66 5 2 Ag126 pa 2 
AJ12 an -1 ag67. MD Aq127 16 1 
AJ13 Replaced by AJ503 AJ68 a 1 ag128 VW is 
Agi 16 2  ag69 19 l ag129 9 1 
AT15 a 1 AITO 18 2 AJ130 15 1 


CODE INFORMATION 


AJ, AG, AK, AL AND AM RELAY CODES 


Code Contacts Table Code Contacts Table Code Contacts Table 
AJ131 24 1 AG1L 8 3 AK6 20 4 
AJ132 ll 2 AGg1e 4 3 AKT 16 y 
AJ133 5 2 AG13 5 3 AK8 14 4 
AJ134 3 2 AGI 6 3 AK 6 y 
AT135 2 2 AG15 8 3 AK10 15 4 
AJ136 3 2 AG16 8 3 
AS137 15 1 AGLT 1 a fae ; 
AJ138 4 2 AG18 9 3 AK13 16 i 
AJ139 a 1, AG19 4 2 ean a ‘ 
Ag140 | 2 AG20 15 3 AKIS iD ‘ 
ATIAL 8 2 AG21 vs 3 
Ag14e2 11 2 AGe2 7 3 AK16 14 4 
AT143 3 2 AG23 8 3 AKL7 14 ; 
AgJ200 au 1 ce = 3 oi ae i: 
AJ201 Replaced by AJ700 AKOO “3 hh 
AJ202 a AG26 ae 3 " 
AJ203 oh L AG27 3 ss 
Ag204 alt 2 AG28 13 3 eats us ; 
AJ205 24. AG30 T 3 AKol 12 ; 
AJ500 20 1 AG31 3 AKe5 6 
AJ501 au 1 AG32 16 3 
Ag502 20 1 AG33 13 3 AK26 13 4. 
AJ503 eu 1 AG34 13 3 AK27 10 4 
AT504 16 ] AG35 6 3 AK28 14 i 
AK29 10 
AT505 8 1 AG36 8 3 
AJ506 7 4) A637 8 3 AK30 18 . 
AT507 15 1 AG3 12 3 
A508 11 1 AG39 13 3 fees i i 
AJ509 15 1 AG4O 6 3 AS 1s 
AK3 13 
AJ510 5 2 AGHL 9 3 : 
AST 1B 2 AGHe 10 3 AK35 18 # 
Ag512 eH 1 AG43 18 3. 
AJ513 Qh 1 AG44 14 3 AK36 18 4 
AT514 18 2 AGUS Bian 3 aes 13 : 
AS515 16 1 AGL on 4 AKS 10 
AJ516 eh AGH 8 3 seats 3 
AT5 46 2 AGHS 15 3 * 
AT51 2 2 AGHO 12 3 Wi , 
AJ519 3 2 AG5O 18 3 pene 3 ‘i 
AJ520 al 1 AG51 8 3 ane a ; 
AT521 13 2 AG52 1 3 Ee 
AGS3 ok 3 AKHS5 14 4 
ASJT7OO eu 1 AG54 7 3 
ASTOL MD AG55 9 3 Ano Lo i 
fos st ee re 
AG57 al 3 Ad os 1 
AGL 12 3 AG58 y 3 neo aC i 
AGe : 3 AG59 16 3 : 
ne : a °  aKS90 23 i 
AGS MD AG61L 18 3 ata al ie 
AG6 14. B AK1 13 Mm AL2 aH ea 
AGT 15 3 AKe 10 4 AML 20 Ha 
AG8 5 3 AK3 8 4 AMe2 20 ha 
AGQ 7 3 AK 18 4 AM3 20 ha 
AGLO 12 3 AK5 8 4 AM4 20 Aa 
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CODE INFORMATION 


SINGLE-WOUND AF AND AJ RELAYS 


X-75509 
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to a safe value. 
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Equipped with ©.014-inch stop discs. 
Equipped with 0.091-inch copper sleeve. 
Contact make 5, no make 8.5, readjust; make 3.5, no make 10, test. 
Winding arrangement No. 5. 

Armature back tension minimum 20-gram readjust, 15-gram test. 
Equipped with one iron and two copper washers. 
Adjusted on light contact force. 
Armature back tension minimum 18-gram readjust, 15-gram test. 
The use of a protective network on the coil is required to limit the peak voltage 


CODE INFORMATION 


WINDING CURRENT FLOW REQTS 
See 
Code Turns Res Oper N.O. Hold Ris Note 
1 CONTACT 
AST 34900 9100 1.6 0.5 ee a 
Z,(A 
Ag25 3710 220 eh 22 D,X,N 
(after minus 50 soak) 
ATH7 3710 220 23 21 D,X,N 
(after minus 50 soak) 
AF138 3900 100 30 - - 12.5 A 
AJ118 3710 . 220 el 19 D,G,X 
(after minus 50 soak) 
AJ119 3710 220 18.5 16.5 D,G,X 
(after minus 50 soak) 
2 CONTACTS 
AP56 5150 700 25.5 
AJ11 5625 180 15 13 5.1 A,G,W 
(after soak 5) 
AS35 1580 16° 60 5 
AFI49 2260 34 0~«T 58 
AJ108 34900 9100 eel W, (AY) 
3 CONTACTS 
APFU3 2110 e270 46.5 
AF106 13500 2000 7.1 ALG D 
A100 5625 180 10 5.3 GW 
AF168 5150 700 25 22 
AJ117 5625 180 11.8 W 


CODE INFORMATION 


TABLE II-1 (Cont) 
CODE INFORMATION 


SINGLE-WOUND AF AND AJ RELAYS 


CONTACT ARRANGEMENT _WINDING = _CURRENT FLOW REQTS _ 
Spg See 
M B BM EBM EMB Other Comb. Code Turns Res Oper N.O. Hold Ris Note 
4 CONTACTS 
@ -  -  - 1 - 216 AF15 19400 2500 6.7 
1D ee cet = - 3 AF19 1580 16 64. 
i - - 3 Ar4l. 2110 270 48 
a - - 3 AP51 5150 700 19.5 
Was age. Ve 2 - 3 AP59 19400 2500 5.2 
a 2 - 4B AF89 2260 34 AS 29.5 17.5 
(after soak 130) 
a fs me. aE 1 - ell AF17 2110 270 462 1.6 
See iS, 8 = - 38 Ag80 8250 1050 11 79 C 
5 CONTACTS 
- 5 = = = - 23 AF61 19400 2500 5.5 2.4 
1 - - = - 258 APLAY 5150 700 26 
Tae” ie ae = - 71 Ag85 22200 3800 4.6 3 (AY) (RA) 
a = - 74 AI98 2260 34 70 30 B 
otes: 


B. Equipped with 0.022-inch stop discs. 
C. Equipped with 0.147-inch copper sleeve. 
( 
( 


AY). The use of a protective network on the coil is required fp limit the peak voltage 
to a safe value. : 
RA). Resistance +5 percent. 
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CODE INFORMATION 


TABLE II-1 (Cont) 


CODE INFORMATION 


SINGLE-WOUND AF AND AJ RELAYS 


X-75509 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spg See 
M B BM EBM EMB Other Comb. Code Turns Res Oper N.O. Hold Ris Note 
6 CONTACTS 
2 - 2 2 -“ - 18 AF 3330 Hoo 34.5 
2 - 2 - - - 18 AF50 5150 700 22 13.2 
e@ - 2 - - - 48 AF527 3330 400 34.5 
2 =- 2 - - = 18 AF522 5150 700 22 
- - 55 2 ] - 207 ARfe2 2110 e270 62 
-~ = | - 2 1 - 207 AF67 19400 2500 6.8 
- - - 2 1 - 207 AF512 5150 700 25 
~ - = 2 J - 207 AF505 19400 2500 5 qT 
By od Ve Oe - - 11 ARFe5 1580 16 72 
5 1 - - - - 11 AFO7 3330 Hoo 34.5 
5 1l = - 7 - il AF508 1580 16 72 
6 = - = = 5 AF26 11850 950 7 
6 - - - - 5 AP514 2110 270) 4545 r 
2 - - 2 - - 237 AF86 8275 500 16 11.7 3.5 « (RA) 
2 2 - ol zs - ele AF90 2110 e270 62 yA 
24 - - - - 4.3 AFOL 2110 «270 54 Zi 
6 = = = - - 5B AJ33 5625 180 30 (soak 225) 18° A,G, (AP) 
~ - 1 2 PBEM 412 AF137 2110 e270 85 ‘ qT 
- - = 2 1 - 207 AFI46 19400 2500 8 T 
7 CONTACTS 
ak 2 «= - - 5H. AFLIL4 5150 700 23 
21 2 ~- ~ - 32 AF511 5150 700 23 10.9 
6 oe 8 - - 12 AF60 19400 2500 6.2 
21 - 2 - - e774 AF115 19400 2500 6.7 5 
2 3 - = 1 - 229 AF63 19400 2500 6.7 
- = 2 - 2PM 401 AP85 6450 1000 34 23.5 10.5 rere 
RA 
1 -=- = @ 1 - 253 AF1O5 2110 270 62 34.5 
1 - - @2 - 2PM 401 AFII8 11850 950 13.3 
1 - - 8 - - 267 AJ506 1580 16 75 
2 - = = 2 1EM 287 AF124 8275 500 16 
3 - - J a - 288 AF126 3330 «©4000 39 
I .2 - ] 1 - 292 AJ76 19400 2500 6.5 2.6 
- 1 38 - - - 69 ATT 4. 19400 2500 4.9 alien e 
Notes: 


A. Equipped with 0.014-inch stop discs. 
C. Equipped with 0.147-inch copper sleeve. 
G. Contact make 5, no make 8.5, readjust; make 3.5, no make 10, test. 
T. Armature back tension, minimum 65-gram readjust, 60-gram test. 
AP). Maximum buffer spring gauging waived. 

Resistance +5 percent. 
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CODE INFORMATION 
TABLE II-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGMENT WINDING CURRENT FLOW REQTS 
Spe See 
M BM EBM EMB Other Comb Code Turns Res Oper N.O. Hold Rls Note 
8 CONTACTS 
yom 2 - - 210 AF57 5150 700 25.5 
Yow - 2 - - 210 AF524 5150 700 25.5 
or - - - 33 AP500 730 KA 175 (RB) 
NSO: 2 «4m eh 1PM LOOB Ares 8275 500 26 10.9 A 
aoe 4S 1 2 LEM& LEB 240 AF87 10080 2550 13.6 9.5 C 
Bk. ie 7} 1 LEM 221 AF516 2110 270 63 
acre = 2 s 36 AI31 8275 500 13.7 
5 23 - - 7 - 36 AIJ505 1580 16 7] 
mp ee as bh - 7 203 AF531 5150 700 36 12.6 A 
eh ale ths 4 7 7 203 AJ60 8275 500 20 6 A, (RA) 
2. ise = - 2 1EM 269 APIA5 8275 500 16 (RA) 
Ora. 2s 3 7 7 300 Ag82 8e75 500 21 13.9 A 
Ye - ~ 1 - 295 AF156 5150 700 25.5 
Ue FO. 8G = 1 - 295 AF159 3950 200 33.5 
5 3 - - - - 36 AF158 5575 550 23 12.2 C 
ee ee 4 = 7 203 AJ121 28000 6000 3.9 W 
9 CONTACTS 
3 1 - 1 ay 1EM 21h AP1O 19400 2500 7.2 4.5 
4Aoe@ - - 1 1EM 248 AP35 2110 270 66 
4 1 2 - - - 27 APF519 2110 270 69 17 
en 3 1 - 272 AF110 11850 950 15.5 5.6 A 
13 - 1 1 1PM HOOB, AF135 - 8275 500 26 10.9 A 
6 3 - i - - 68 AJ63 19400 2500 5.4 
6 11 - - ~ 73 AF160 3950 200 34. 
5 mM 1 1 - 319 AF164 5150 700 eT 
iene mn - _ 335 Ag129 28000 6000 3.9 W 
10 CONTACTS 
6 2 - “ 1 - 329 AJ112 11850 950 10.9 5.6 
10 - - - - “ 6 AF3 3330 Hoo oe 
10 - - - - - 6 AFS 2110 270 66 
9 1 - - - - 14 AP34 5150 700 26.5 
Yo. - 1 1 1EM 222 AFLO 2110 e270 69.5 
4 oi - 1 1 LEM 222 AFLL7 5625 180 27 LT 6 
3.5 - - - 1EM 310 AF142 5625 180 36.5 20 23.5 10.1 A,(AG) 
LEB 
Too - - - 3EM 289 AF150 5625 180 26 17 6,4 
cles eaeee 1 1] 1EM-1PM 421B AF166 8275 500 28 10.9 A 
- = = 1 - 324 AJ1O4 11850 950 12 
Notes: 
A. Equipped with 0,014-inch stop discs. 
Cc. Equipped with 0.147-inch copper sleeve. 
W. Armature back tension minimum 20-gram readjust; 15 gram test. 
AG). Armature back tension, maximum 60-gram. 
RA). Resistance +5 percent. 
RB). Resistance +15 percent. 
TI-10 Nov 1967 


X-75509 


CODE INFORMATION 


A. Equipped with 0.014-inch stop discs. 
W. Armature back tension minimum 20-gram readjust; 15-gram test. 
(AK). Armature back tension, minimum 60-gram. 


Nov 1967 


TABLE II-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGMENT WINDING CURRENT FLOW REQT'S 
Spg See 
M B BM EBM Other Comb Code Turns Res Oper N.O. Hold Rls Note 
11 CONTACTS 

wm <2 7 - = 29 OAFE 1580 16 95 
4 2 - 1 LEM 215 AFI3 19400 2500 12.4 4,2 A 
Wem ee 3 - - 204 AFI6 5150 FOO BQ werner” 
3 - 4 : - = 19 = AP52 5150 700 28 
3 - 4 - - 19 AF523 5150 700 28 
VPA = - - 7  AFg2 2110 e270 69 
101 - SS - - 15 AF520 2110 270 69 
6 3 - - - 2EM 266 =6AF1I9 19400 2500 12 5.9 Ad A 
1 4 - 2 1 7 256 AJ30 5150 700 27 19 
3° - 4 - - PS 19 = -Ad508 1580 16 006-71 
4 2 - 1 1 LEM 215 AJ36 2260 34 0 Og W 
ae) 7 ] LEM 4O7 = AF131 2110 270 ~~ 680 

1PBEM 
6 3 - - - 2EM 266 =ATHE 11850 950 11.7 
Bods Fe 1 1 1PB 410 AF136 5150 700 32 

1PBEM perl! 

an 2 1 = 256 AF139 19400 2500 7.9" 45 

3.2 - 3 - - 280 = AFIY8 ~ 5625 180 39. 20 25.5 11.3 A 
5 - - Ab - 1EB,1PM 417 = AF154 6700: B75 BB as py W 

2PB 
5 - - 2 - 2EB 331 AF169 6700 275 38 A, (AK) 
Notes: 


EDa1 1 


CODE INFORMATION 


TABLE II-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGMENT WINDING CURRENT FLOW REQTS 
Spe : See 
M 3B BM EBM EMB Qther Comb. Code Turns Res Oper N.O. Hold Ris Note 
12 CONTACTS 
12 - - - - - 8 AF37 1580 16 135 A 
12 - - - - - 8 AF24. 5150 vaele) 29 
TO re) 7 - : 8 AF83<- 19400 2500 7.8 
1@2 - - - - - 8 AF504 2110 270 te 
le - - - - - 8 AF5 06 5150 700 29 
2 3 - 2 1 LEM 213 AFQ 194,00 2500 8,2 
5 - 2 1 LEM 206 AF23 3330 1.00 69.5 “ A 
- - = 6 - - 217 AF30 194.00 2500 8,2 5 1.8 
- oo. 4 2 - 208 AF32 5150 700 30.55 BY 
- - = 4 2 - 208 AF513 5150 700 30.5 on 
10 2 - - - - 16 AF33 11850 950 12.8 
2 2 4 - ~ - PLD) AF54 5150 700 29 
4 3°42 1 ~ 1EM 236 = AF84 19400 2500 3.2 
6 1 - 1 1 1EM 223 = AFD517 2110 270 80 
- 4 4 - - 273 = AF113 19400 2500 8.2 5 
a2 3 - 2 a LEM 213 = AJ27 16050 2200 14.2 8.6 A,E 
- 3 - 2 1 2EM 406 AF120 L1850 950 19.5 14.5 
LPM 
4o- - - - hQ AF122 1580 16 95 Ly 
~5 7 - = - - KO ATAL 9400 . 2500 5.6 ° 
- = + 6 - - 217 AFIT 19400 2500 8,8 1? 
1 5 - di - 3EM, 1PM 420 AJ9O 1580 16 LOO 53 
le - - - - 8 AF162 3950 200 38 
5 2 1 LEM 206 AP163 3950 200 LO 
12 = - - - - - 8 AT96 2260 34 51 
3 5 - 2 - - 317 AF157 5625 180 44,5 20 26 12 Vai 
a 8 s.4f AX 
yo- - 3 1 - 323 \AJ101 8275 500 V7 we ee 
5 oe 1 - 1EB, 1EM 423 AF535 2110 270 80 
; LPM, 2PB 
6 = = - - 6EM 333 AK12 15800 1625 14 6.1 2.1 (BD) 
wo - - - - 8  AF536 2110 270 80 (BD), (AK) 
BE 
5 - - 2 1 1EM 206 AF170 3330 oo 69.5 2h Ro 
otes: 
A. Equipped with 0.014-inch. stop discs. 
E. Equipped with 0.046-inch copper sleeve. 
T, Armature back tension minimum 65-gram readjust; 60-gram test. 
AH). Armature back tension maximum 80-gram readjust; 85-gram test. 
AK). Armature back tension minimum 60-gram. 
AW). Conts 2, 4 & 10 make 8 readjust, 7 test; 
no make 12 readjust, 13.5 test. 
Gonts 1, 3, 5, 7, 9 break 8 readjust, 7 test: 
no break 12 readjust, 13.5 test. 
(AX). Armature back tension minimum 55-gram readjust, 50-gram test. 
maximum 75-gram readjust, 80-gram test. 
(BD). Adjusted on heavy contact force, 
(BE). Contact make 4.5R, 31; no make 8.5R, 10T (at S.D.). 
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CODE INFORMATION 
TABLE II-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spgs See 
M B BM EBM EMB Other Comb. Code Turns Res Oper N.O. Hold Ris Note 
13 CONTACTS 
Bale, ae 3 1 1EM 212 APhg 3330 400 »=—50.5 29 
14 4 - - 2h AFS3 5150 700 30 
14 - 3 1 - 245 AFSB 11850 950 14.1 
eee ae 4 - 7 263 =Ag18 5625 180 26.5 
Te SS 3 = - 268° =AFLI2 5150 TOO 33.5 
14 - 3 1 7 245 AF125 B2e75 500 20 
5 Al - - 2EM 304 AFI4O 19400 2500 8.6 
7 2 - 2 Z - 261 AF153 6700 275 = 38 - 10 A 
1 - 2 2 = 3EM,1PM 418 AP155 19400 2500 9.3 
Te 3Oe eo, 3 1 = 291 = =ATTS 19400 2500 6.5 
5 - - 4 - 7 301 AgB4 LO450 800. 12,2 6.5 
14 coNTAcTS 
Oy hse 4 2 7 205 AF20 5150 700 34. yi 
Do feos 4 2 = 205 AF79 19400 2500 9.2 4.5 
Xk 6 2 = S NO AF88 5150 700 31.5 12.9 
T Boe 1 1 1EM 244 AROS 1580 16 115 43 
73 - 2 = - 285 AF1I16 3330 HOO} 8=—55,5 
10 - 2 - - = 61 AF132 5150 TOO 32,5 ; 
- 32 2 - 2EM,1PM 411 AJg51 385 375 48.5 37.5 8.5 C,(RA 
- - 2 1 4 - 238 = AJ61 5150 700 9630.5 boned AM 
- - 2 2 1 2PBEM 415 AFI51 2110 270 890 
2 2 - 2 1 1PBEM 419 = AITI 15800 1625 8.7 
1PMEB 
- - 2 1 4, - 238 = Ag89 2110 270 75 45 AM 
- - 2 1 4, - 238 =6AT106 1580 16 100 AM 
10 - 2 = - - 61 APFI61 3950 200 41.5 
10 - 2 - - - 61 AF165 11850 950 14,2 
3EM, LPM 
lees ae al - 1PMEB 422 = ATLO5 1580 16 105 58 
yoo 4 1 - 328 =ATIIL 8275 500 18.5 
6 2 2 1 - 334 = A128 15800 1625 1.1 3.6 
Notes: 
A. Equipped with 0.014-inch stop dises. 
C. Equipped with 0.147-inch copper sleeve. 
W. Armature back tension minimum 20-gram readjust, 15-gram test. 
AM). Frame of relay grounded by mounting screws. Not recommended for general use. 
RA). Resistance +5 percent. 
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CODE 


INFORMATION 


TABLE IL-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGEMENT _ WINDING CURRENT FLOW REQTS 
; Spg ~ See 
M 3B BM EBM EMB Other Comb. Code Turns Res Oper .O. Hold Ris Note 
15 CONTACTS 
8 = - 2 L 1EM 235 Aree 5150 700 40,5 
fe) - 3 - - 7 2] APF52] 2110 e270 85 
7 1 * 2 1 LEM 270 =©6AF111 5150 700 40,5 
9 - 3 - = - 21 AJI507 2110 270 95 A 
8B = = 2 EM 235 AgI509 5150 700 31.5 13.6 
4 3 = 4 7 - 230 8 =©6AF134. 19400 2500 9. 4,9 
1 1 - 5 1 LEB 311 AFI 6925 860 27 oA 14.5 5.7 
3 5 1 1 1 _ LEM 277 ~=AT& 5150 700 27 = 19 
2 1 - 4, 2 7 271 ew ATOL™ 3950 200 HO vy 
To <2 2 2 1 1PBEM Yeh  “ATAZO 15800 1625 8.7 W 
1PMEB 
6 1 2 2 - - 338 AJ137 3950 200 61.5 A 
16 CONTACTS 
yoo. 2 2 3EB 313 =AJ62 6450 1000 36. 22,5 A,c 
3 1 = 4, 2 - eek are 2110 e270 95 
3 1 - ut 2 - 224 ARr518 2110 270 95 
2 6 4 - - - 28 = AFMS 2110 e270 90 
7 1 4 - - - 26 AF55 5150. 700 35 
7 1. 4 - - - 26 = AF507 5150 700 35 
6 2 - 4. - - 231 =©AF502 2760 395 72 6.5 
4 - - 4 2 - 252 _AF100 5150. . 700 39.5 
"Bete Oso ae = = T1670 90 
3 1 6 - - - 31 AF121 1580 16 120 
Sy - 4 66 - - - 57 Ag504, 16050 2200 Tver “Ff e1: F 
2 6 4 - - - 23 = AFI29 19400 2500 25 
= = = 6 2 - 254 AJ3e 730 4,4 230 90 ne 
8 - - 4 - - 298 =AJ53 6450 1000 37 22.5 A,C, (RA 
3 4 - 3 1 1EM 306 §=Ag54 6450 1000 36 22,5 A,C, (RA) 
Bie 4 - - - 63 Ad515 6700 275 35 A 
3° #321 30 - 2EM 320 8=aAggh 5150 700 32 
8 - 4 - - - 63 AII5 11850 950 13.2 
44 - - 4 2 - 252 Adg127 15800 1625 12.4 41 
Notes: 
A. Equipped with 0.014-inch stop discs. 
C. Equipped with 0.147-inch copper sleeve. 
F, Equipped with 0.046-inch aluminum sleeve. 
W. Armature back tension minimum 20-gram readjust; 15-gram test. 
_ (RA Resistance +5 percent. 
(RB Resistance +15 percent. 
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CODE INFORMATION 
TABLE II-1 (Cont) 
CODE INFORMATION 
SINGLE-WOUND AF AND AJ RELAYS 
CONTACT ARRANGEMENTS WINDING CURRENT FLOW REQTS 
Spg See 

M B BM EBM EMB Other Comb. Code Turns Res Oper .O. Hold Ris Note 

‘17 CONTACTS 
rn 1 1EM 413 AJ56 3330 400 54.5 

2PMEB 
1PBEM 

1 - - 6 1 2EB 275 AJ644 6925 860 14 12.2 5.2 

18 CONTACTS 
Bote. 26s <s Z 2 3h, AF501 2760 395 47 
6 ce ce 2 - 219 AFO4. 19400 2500 10.6 
6 - 4& - 2 - 219 AF509 19400 2500 10.6 2,2 
= 56 (6° <2 ES 7 59 Ag65 11850 950 14.2 
6s: §~6-. - - 34 AFi52 15800 1625 13 
6 - 4 = 2 - 219 Agi1e4 730 4.4200 110 (RB) 

19 ‘CONTACTS 
2 2 - 6 a LEB 278 AJ69 5150 700 0.5 13.6 
2 2 - 6 A LEB 278 AT93 3950 200 5.5 

20 CONTACTS ye 
e - 3 4& 2 - 226 AJ3 11850 950° 8.1 
2 - 3 4 2 - 226 AJ500 11850 950 
a2 - 8 4 2 - 226 AT1LE 8275 500 A 
- = = §8 2 - 23h. AJI 5150 =700 
- =~ - 8 2 - 234 Ag50e2 5150 700 

- 8 2 - 234 Ad22 5150 700 13.4 

- - 8 1 2EM 259 AJ2] 2110 e270 
- - 8 2 - 234, AI37 1580 16 
Notes: 
A. Equipped with 0.014-inch stop dises. 
W. Armature back tension minimum 20-gram readjust; 15-gram test. 
(RB). Resistance +15 percent. 
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TABLE II-1 (Cont) 


CODE INFORMATION 


SINGLE-WOUND AF AND AJ RELAYS 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
: Spg See 
M BBM EBM EMB Other Comb. Code Turns Res Oper .O. Hold Rls Note 
24 CONTACTS 
ah o- - - 7 7 500 AJ202 5150 700) 40.5 
ey ow - - - - 500 AgJ200 8275 500 3828.5 
Op woe. = - 500 AJ203 6700, 275 35 
ey = - - - 500 AJ70O 2110 e270 8&5 
Oli ae ok 7 = = 500 Ad7 02 5150 86700 40.5 
- = += 12 7 220 Agd5 19400 2500 12.6 
~ - - 12 ~ 220 Agi2 5150 700 40.5 
- - - 9 3 - 2h9 AJI5 5150 7oo 40.5 
- 9 3 - 29 AgJ503 2110 270 90 
- - 9 3 - 2hg9 AJ501 5150 7oo 40.5 
- -12 - = - 64 AT512 2110 270 ~ 85 
- - = 12 - - 220 AJ39 11850 950 17.5 8.1 
ah 9 3 - 2g AgHR3 8275 500 23 
S, eee 9 3 7 - elg ATH5 1580 16 120 
- 5 2 al! 2 PBEM yak AJ513 2110 270 100 
2 PMEB 
-~ = = 12 - - 220 AJ81 8275 500 23 
ah ee oa, 3 - ekg AT83 19400 2500 12.6 
- - 2 6 4 - 299 AS516 5150 700 39 
- - - 12 - - 220 Agge2 3950 200 48 
- =- 2 6 4 - 299 AS103 8250 1050 23.5 11.6 C 
- 2h - - - - 501 AJ205 5150 7oO0 4d 
- - 2 6 4 - 299 Agi25 19400 2500 10.3 
- - - 6 6 - 336 AJ131 5150 700 42 
- - - 6 6 - 336 AJ520 2670 395 75 
~ = = 9g 3 - 2g AJ139 8275 500 23 13.5 4.4 
Notes; 
CG. Equipped with 0.147-inch copper sleeve. 
TABLE II-1A 
CODE INFORMATION 
SINGLE-WOUND AL RELAYS 
CONTACT ARRANGEMENTS. WINDING CURRENT FLOW REQTS 


No 
Non-=- Flux See 
N.O. Ris Rls Ris Note 


Spg 
M B BM EBM EMB Other Comb. Code Turns ‘Res Soak Oper 


eh CONTACTS 


-- 2 6 4. = 299B ALL 3900 100 -300 ~-80 - +23 - +43 .5 Ep 


Notes: 

BJ. Winding arrangement No. 13. 

BM. Soak current shall not flow for more than 5 seconds. 

BN. Operate and nonoperate test after soak and no flux release. 
BO. Release and nonrelease test after soak. 
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CODE INFORMAT! 


TABLE II-2 


CODE INFORMATION 


MULTIPLE-WOUND AF AND AJ RELAYS 


cette EURO BRT 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spe Test 
MB BM EBM EMB Other Comb Code Turns Res Wdg Oper .O. Hold Rls 
lL CONTACT 
l- - - 7 7 1 Ag8 P.L5200 400 P/S 6 128 
8.15200 400 (soak 20) 
1- - - - = 1 AF510 P.L5200 400 P 19 
§.L5200 4oo 6S 19.5 
l- + - - - 1B AJ23 P,L3235 200 P/S 135 LO 6.5 
$.L3235 200 
2 CONTACTS 
ne- - - - - 2B AJL P.L3235 200 P/S 19 10.8 
ra §.13235 200 (soak 31) 
iL 1 - - - - 52B Age P.L3235 200 P/S 19 9.3 
1 8.43235 200 (soak 31) 
sj] 1 - - - - 52 ATLO P.L2070 61 P/S 16.5 0.2 
8.2070 61 
A is er - - - 52L AdI135 P,L5200 hoo P/S 6 1.8 
8.15200 00 (soak 20) 
Notes: 
A. Equipped with 0,014-inch stop discs. 
B. Equipped with 0.022-inch stop discs. 
G. Contact make 5, no make 8.5, readjust; make 3.5, no make 10, test. 
H. Contact make 10, no make 14.5, readjust; make 8.5, no make 16, test. 
L. Winding arrangement No. 3. 
Bae P/S primary and secondary in series aiding. 
W. Armature back tension, minimum 20-gram readjust, 15-gram test. 
Y. Laminations next to core. 
Z. Adjusted on light contact force. 
AB). Armature back tension minimum 23-gram readjust, 20-gram test. 
Ad Contact break 5, no break 8.5, readjust; break 3.5, no break 10, test. 
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CODE INFORMATION 


TABLE II-2 (Cont) 


CODE INFORMATION 


MULTIPLE-WOUND AF AND AJ RELAYS 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spg Test See 
M B BM EBM EMB Other Comb. Code _.-~Turns Res Wdg Oper N.O. Hold Rls Note 
3 CONTACTS 
12 - -=- - - LO AF68 P.7975 1000 P 12553) K 
$.13950 2700 fs) 74 
Bed fee He. - 46 AF96 P,1050 8 P 95 85 K,Z, (RC) 
8.3770 850 ) 28 
3- - =} - - 46 AF97 P.560 , OG fe 215 190 K,Z, (RB) 
§ .3020 690 8 A) 
Bota, . & - - 6 AFLO2 P.790 10 P 165 145 K,Z 
§.2950 400 8 46.5 
a - 46 AP104. P.560 2.7 P 205 180 K,Z, (RB) 
$.3020 690 s oO 
Bid ae - 7 46 AFLO3 P.1050 8 P 115 ~=100 K,Z, (RC) 
8.3770 850 S 34. 
Bile a se Oe 7 46B Ageg P.L5520 = 4e5 P/S 7.5 3.8 A,L,R,Z, 
8.15520 425 soak 27) W,G, (AG) 
Z-- = = 7 46B Ag34 P.L3235 200 P/S 14.3 9.6 6.6 A,L,W,G, 
§.L3235 200 (soak 100) Y,2,R, 
AG) (AN) 
3- - = - - 46 AJ50 P2660 LOO P/S LO 5.5 G,L,R,W 
$2660 100 
al- <- - - 37 AF133 P.9125 1175 P 10.8 Td 1.9 K 
$.9125 1075 S) Ane 
Padi aA - - 37 AT59 P.L5200 400 P/S 9.9 4,3 B,L,R,W 
8.15200 4.00 
21l- = = - 75 Ag1LO2 P(L)3235 200 P/S 14. - - 6,1 4,G,L,R, 
8 (L) 3235 200 W, Y, (AZ) 
3-5 = - - - 46 AJ115 P(L) 5520 Hes P/S (aD. 6.4 = 3.8 A,G,L,R, 
~. 0  $(L) 5520 (soak 27) 4 
Lee. 1s - - LO AJ519 P, LOLO 16 P le) K 
§.1100 16 8 90 
21l- - - - 75 AJ134  P(L)2660 100 P/S 13.7 L,R,W 
$(L)2660 100 
3-- - = - 6 AJ136 P(L)3235 200 P/S 14.QR)12.1(R) 6.6(R) A,G,4,Y, 
8(L) 3235 200 Z,R, (AN) 
eur Sa - - 15 AT143 P(L) 2660 100 P/S 13.7 G,L,R,W 
$(L) 2660 100 
Notes: 
A. Equipped with 0.014-inch stop discs. 
B. Equipped with 0,.022-inch stop discs. 
G. Contact make 5, no make 8.5, readjust; make 3. 5, no make 10, test. 
K. Winding arrangement No. e. 
lL. Winding arrangement No. 3. 
R. P/S primary and secondary in series aiding. 
W. Armature back tension minimum 20-gram readjust, 15-gram test. 
¥Y. Laminations next to core, 
Z. Adjusted to light contact force. 
AG Armature back tension maximum 60- “greti readjust, 65-gram test. 
ae With 4.5 gauge inserted between armature and backstop and the 
relay not energized, no contact shall make. 
AZ Contact break 13 readjust, 11.5 test, no break 16.5, readjust, 18 test. 
RB Resistance +15 percent. 
RC Secondary winding resistance +15 percent. 
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TABLE II-2 (Cont) 


CODE INFORMATION 


eee OUND AF AND AJ RI 


BLAYS 


CONTACT ARRANGEMENT WINDING CURR! 
Spg Test 
MB BM EBM EMB Other Comb. Code Turns Res Wdg Oper 
h CONTACTS 

-- - 2 - - 201 AF18 P,2590 100 P 50.45 
8.9625 1100 «6S 14.3 

Bole BS - 201 AF534. P.7975 1000 =P 20 
$.13950 2700 s 10.8 

2e- - - - Ky AFLOL P,3200 300 P HLS 
8.3550 300 8 36 

@2- - - - AL ATLYO P.3200 300 P 28 
$.3550 300 «= S 26 

en a - 3 ATHB P.9400 1500 =P 3) 
8.15400 2950 Ss 5k 

Sen Be = - 201 AF72 P.9125 1175 iP 14.3 
8.9125 1075 iS] 15 

i ae 2 a 3 Agi40 P3235 200 =P/S 16.5 
$.3235 200 

5 CONTACTS 

5 - = - - - A AP71 P.9125 L175 P Leh 8 
8.9125 L075 iS) 12.4 

32 - - - - 39 AJ1LO P,10900 1800 P 6.8 
8.2770 85 P/S 25.5 

211 - - = 55B <AdJ26 P,L3235 200 P/S 15.5 
$.L3235 200 

SB igte 2 2s - 39 = AJ510 PB. 500 2.7P a2ho 
$.3020 690 § A? 

12] - - - 58 AJ66 P.L3235 200 P/S 155 
8.13235 200 

eter A’ ys - 315 Ag86 P.L3235 200. P/S 19. 
S.L3235 200 a 

32- - - 7 39 AJ133 oe 5520 425 P/s va 

§$(L)5520 Wes 

Notes: 

A. Equipped with 0.014-inch stop discs, 

G. Contact make 5, no make 8.5 (R), make 3.5, no make 10 (T). 

K. Winding arrangement No. 2, 

L. Winding arrangement No. 3. 

R. P/S primary and secondary in series aiding. 

Ss. P/S primary and secondary in parallel aiding. 

W. Armature back tension minimum 20-gram readjust, 15-gram test. 

Y. Laminations next to core. 

Z Adjusted on light contact force. 


Resistance 
Resistance 


+5 percent. 
+15 percent 
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ENT FLOW RE 


30 


6.5 


4.3 


215 


5 
fter soak oat 
8 


Contact break 5, no break 8.5 (R), break 3.5, no break 10 (T). 


CODE 


Hold Ris 


Ba) 


INFORMATION 


ES 


See 
Note 
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CODE INFORMATION 


H 
po 
wo 
7 

za 


} TI-2 (Cont) 


CODE INFORMATION 


UND AF AND AJ RELAYS 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spg Test see 
MB BM EBM E Other Comb. Code Turns Res Wdg Oper N.0, Hold Ris Note 
6 CONTACTS 
Ovi ot “ALA <b - 225 AF66 P.2590 100 P 61.5 46 K 
8.9625 1100 §s 17 
ede fee Sh - 202 AF7O P.7975 1000 P 16.5 K 
$.13950 2700 § 9.9 
See. = Th Sa - 251 AF9I P.7975 1000 P 16.5 K 
$.13950 2700 §S 9.9 
ea er a i 28h AF528 P.2590 100 P 62 36 el A,K, (AG) 
8.9625 1100 § 175 
Bo oe. HD 1 - 225 AFIA1 P4550 BuO P/S 16 11.6 K,R 
8.3750 50 
One UB a8 a 237 Ad57 P.13235 200 P/S 19 10(soak 31) 2.7 L,R,Y 
8.L3235 200 
Gust. Sn 8 A. Oe - 5 AdgT3 P.4800 360 P 26 6.6 A,K,R 
$.13150 1900 P/S 7 
7 CONTACTS 
Bol wds IB = 218  AF109 P.2590 100 P 50.5 27 K 
8.9625 1100 §s 14.5 
3-- 2 2 - 294B AT38 P.2800 170 =P 45 18.5 11.4 
8.3850 140.6068 34.5 (soak 90) 
~- 3 - = JEM 302 agg P A400 220 P 26.5 21.5 BK 
‘8.6775 1150 8s 18 
2.31 3s =: = 56 A138 st ets 4OO P/S 12 - - 5.5 A,L,R 
L)5200 400 
otes: 


Equipped with 0.O014-inch stop discs. 

Equipped with 0. O4.6-inch copper sleeve. 

Winding arrangement No. 2. 

Winding arrangement No. 3. 

P/S primary and secondary in series aiding. 

Laminations next to core. 

AG). Armature back tension maximum 60-gram readjust, 65-gram test. 


KO TN bel o> 


-_— 
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TABLE II-2 (Cont) 


CODE INFORMATION 


MULTIPLE-WOUND AF AND AJ RELAYS 


“aera ie TH 


CODE 


CURRENT FLOW REQTS 


Test 

Wdg Oper NO, 
P/S 12.6 = 
P/S 27.5 

P 61 25. 
P/s 13.5 

P 54 30, 
Ss 15.5 

P A.5 

Ss 15.5 

P/S 25 17 
P 13,1 

§ 38 - 
P 32.5 20 
P/S 10.8 

P AMS 2h 
8 ALS 

P/S 27 nevan 
P/S 19.5 (soak 31) 
“p "225 175 
8 A? 

P 18.5 12 
Ss Ded 

P 20 

Ss 21 


CONTACT ARRANGEMENT WINDING 
Spg 
MB BM EBM EMB Other Comb. Code Turns Res 
8 CONTACTS 
Q2- - L 2 - 303 Ad52 P.L5200 4.00 
§.L5200 HOO 
71l- = - - 66 Ag4e P,2070 61 
S.2070 61 
Gress. a - 13 AFLI P.2590 100 
8.9625 LLOO 
WS ey =i, “D = - 210 AF130 P.2590 100 
$.9625 1100 
-- - 4 2 = 203 AP73 P.9125 1175 
Pa 8.9125 1075 
@- .- 1 2 - 303 AJ88 P.L3235 200 
$.L3235 200 
5 ml 1 1EM 327 AF167 P, 10500 950 
S.3450 450 
Bobet C.-L - 339 Ag141 ~~ P.4100 210 
8.8375 LOCO 
9 CONTACTS 
81 - - - ~ 48 AF533 P.3200 300 
8.3550 300 
Oe We ose 12 - - 293 AJTT P.L3235 200 
i 8.03235 200 
~b- - 1 1 - 319 AJ1LO PBs.B3235 200 
ve oer BHT 2 35 nn 200- 
14 - 2 - - 293 vATLI4  P.560 Of 
$.3020 69 
LO CONTACTS 
22 - 2 i - 200 AFS P.7975 LOOO 
$.13950 2700 
Oo- -~ - - - 6 AF525 P.7100 700 
8.7150 700 
otes; 
A. Equipped with 0.014-inch stop discs. 
K. Winding arrangement No, 2. 
L. Winding arrangement No. 
I P/S primary and secondary in series aiding. 
Y. Laminations next to the core. 
AG). Armature back tension maximum 60-gram readjust, 65-gram test. 
RB). Resistance variation £15 percent. 
RC). Resistance variation on secondary winding +15 percent. 
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Hold Rls 


3.2 


INFORMATION 


See 
ote 


K 
A,L,R,Y 
L,R,Y 
K,(RB) , (RC) 


CODE INFORMATION 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spg Test See 
M B BM EBM EMB Other Comb. Code Turns Res Wdg Oper N.0O. Hold Rls Note 
11 CONTACTS 
Pol... 72 1 lEpMB 425 agl14e P.9100 800 P 22 - 14.3 6.7 <A,K, (RA) 
8.5350 880 8 37.5 
34 - L 1 - 228 AF? 1 P.9125 1175 P 19.5 8.9 K 
$.9125 1075 S 20.5 
7- 2 -=- - - 20 AF12 P.7975 1000 P 18.5 10 K 
8.138950 2700 S$ 11.1 
4 - 1 1 LEM 215 AF127 P.13930 335 P/S 27.5 14.5 8.1 A,L,R, (RA) 
§.13930 335 
H1l- 3 = - 204 AF532 P.7975 1000 P 20 K 
8.13950 2700 8 10.9 6.9 
a4. = 2 1EB 322 8 ©AJ9Q.— -—P(L) 3235 200 P/S 25.5 8 A, L,R,W,Y 
8(L) 3235 200 
Ore &. “2 2 - 337 AJ132 P(L)4550 415 P/S 21.5 12.7 12 6.1 A,R, (BF) 
$(L)4550 415 (RD) 
Ter.U 5350 goo T 37 = 7 9. 
12 CONTACTS 
Ws at es oe - 8 AFTT7 P.3200 300 P 46.5 K 
$.3550 300 8 NLS 
hi. 2 1 eM 243 AF94 P.7975 1000 P 20 K 
8.13950 2700 S§ 12 
glecnes 6 - - 217 AF530 P.3200 300 P 49.5 K 
S$ .3550 300 8 46 
erie te 6h Ve = 217 AF123 P9125 1175 P/S 8.8 K,R, (AM) 
ae $.9125 1075 
- = 2 L LEM 206 AJ511 P.7100 70O P 20 Ll K 
8.7150 700 § el ; 
3.2 - - 1EM 308 AI58 P.4400 220 P 26.5 21.5 E, K, (AL) 
8.6775 1150 P 28 
iS) 18 
13 CONTACTS 
6.2 3 - - O47 AF529 P. 3620 550 P 46.5 AS 
$.3620 550 S 49 
T. 3620 5e5 T 49 
5- 4 - - 62 AJ55 P.22600 5000 P 6.2 K 
§.6140 1000 § 2} 
63 - 2 = - 321 AIST P.4100 210 P/S 26 K,S,W 
8.8375 1000 8 14.2 
T- - 8 - - 26 AJ521 P.3170 390 P A? K 
8.3120 390 8 19.5 
Notes: 
BT Equipped with 0.014-inch stop discs. 
E, Equipped with 0,046-inch copper sleeve. 
K. Winding arrangement No. 2. 
L. Winding arrangement No. 3. 
R. P/S primary and secondary in series aiding. 
S. P/S primary and secondary in parallel aiding. 
W. Armature back tension minimum 20-gram readjust, 15-gram test. 
Y. Laminations next to core 
AL Only contacts in position 12 need make on 26.5 primary operate. 
AM). Frame of relay grounded by mounting screws. Not recommended for general use. 
AS. Winding arrangement No. 7. 
RA}. Resistance +5 percent. 
BF Winding arrangement No. 10. 
RD Primary and secondary resistance +5 percent; tertiary resistance +10 percent. 
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TI-2 (Cont) 
INFORMATION 


[PLE-WOUND AF AND AJ RI 


ELAYS 


CONTACT ARRANG 


MB 


X-75509 
po 
n 
i 


le 


DY Can. ts 


Notes; 


EMENT 
EBM EMB Other 
3 LEM 
3 L LEM 
4 L LEM 
4 1 EM 
6 2 - 
3 1 LEM 
2 4 = 
3 1 LE 
2 2 2EB 
I 2 LEB 
6 = 2 
3 = S 
6 1 LEB 
9 3 - 
9 3 - 
9 3 - 


MULTIPLE 
Pee 
Spg 
Comb. Code 
330 AJL1E 
250 Agl4 
257 Ar2zs 
265 Agd20 
254 AF128 
250 AJ71 
250 AJ1O9 
332 ©Ag120 
316 AJ87 
227 =AT514. 
278 AIT78 
77 = AT113 
64. AdT2 
500 =69Age04. 
500 A703 
akg Ag122 
24g Ag126 
249 AT518 


K. Winding arrangement No. @. 
R. P/S primary and secondary series aiding. 


Nov 1967 


Armature back tension minimum 20-gram readjust, 
Winding arrangements No. 9. 
Resistance variation +3 percent on secondary winding. 
Adjusted on heavy contact force. 


LE II-2 (Cont) 
E INFORMATION 


-WOUND AF AND Ad 


WINDING 

Turns Res 
16 CONTACTS 
P.7975 1000 
8.13950 2700 
P.7975 1000 
$.13950 2700 
P.7975 1000 
8.13950 2700 
P.7975 1000 
$.13950 2700 
P.9125 1175 
8.9125 1075 
P.7975 1000 
$.13950 2700 
P.5750 700 
$.17400 3300 
P.2590 100 
8.9625 1100 
P.7975 1000 
$.13950 2700 


L7 CONTACTS 


P.7550 1200 
8.19666 6000. 


18 CONTACTS 


P.7100 700 
8.7150 {OO 
P.7975 L000 


$.13950 2700 
L9 CONTACTS 


P.7975 1000 
$.13950 2700 


20 CONTACTS 


P.22600 5000 
§.6140 . 1000 
24 CONTACTS 

P.7100 700 
$.7150 700 
P. 7100 700 
8.7150 700 
P.3170 390 
$.3120 390 
P.7100 700 
$.7150 700 
P3200 300 
$.3550 300 
P.7100 700 
8.7150 700 


RELAYS 
CURRENT FLOW REQTS 


ADRATDNWMHTWHHHNDHWHN VND 


Wd 
ay 
wt 


mid try td 


mid 


DAPAWADN DNATA? 


15-gram test. 


CODE 


3.7 


R, AA, Al 


INFORMATION 


Gl 


CODE INFORMATION 


CONTACT ARRANGEMENT 


; Spe 
M B BM EBM EMB Other Comb. Code 


aoe HOS 866 - 336B AL2 


TABLE IT-2A 


CODE INFORMATION 


MULTIPLE-WOUND AL RELAYS 


ie ate TRIG NRA MSE RNP ORE 


WINDING CURRENT FLOW REQTS 


No 
Test Non- Flux See 


Turns Res Wdg Soak Oper N.O,. Rls Ris Ris Note 


24 CONTACTS 


Notes: 


K. Winding arrangement No, @. 


P.5250 510 P -75 -57.5 -36 - - +32 K,BN, BO 
8.2950 910 iS) - - - +32 +19 - 


BN. Operate and nonoperate test after soak and no flux release. 
BO. Release and nonrelease test after soak, 


TT-24 
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CON 


CODE INFORMATION 


X-75509 


AG RELAYS 
CONTACT ARRANGEMENT ___ WINDING CURRENT FLOW /REQTS Pa 
Spg i Min Max See 
M B BM EBM EMB Other Comb. Code Turns Res Sleeve Soak Oper / Hold Rls msec Note 
4 CONTACTS i 
31 - - - - 38B AG1l2 15800 1625 - 19 frRo.4 0.8 0.6 
\ 7/6 .8 0.9 O.4 
-- . Ll = PBEM 405B AG19 8250 1050 0.147 36 R 20 1.8 1.3 
T2L 2.0 1.0 250 500 (AF) 
31- - - - 38B AG58 P.7100 700 - 42 P(R) 13.8 2.0 1.5 K 
8.7150 700 P(T) 14.5 2.1 1.2 
PNO(R)7.3 
PNO(T)6.9 
S(R) 14.5 
S(T) 15.5 
5 CONTACTS 
32 - = - - 39B AG 8250 1050 0.147 36 R11.81.6 1.2 
T 1e.4 1.7 0.9 295 540 
2li-.- - - 4NB AGB = =13500 2000 0,091 20 R 7.3 1.0 0.7 
T 7.7 1.1 0.5 190 390 
Sac S. 22 - 1PM 4028 AG13 16050 2200 0.046cuU 18 R7.8 1.0 0.7 
T8.2 1.1 0.5 90 235 
5- - = - - 4B AG3L P.3000 450 - 90 P.R35 4.6 3.6 
8.3460 200 Pil 37 4.9 3,2 95 160 AD 
S.R 32 AE 
s.T 34 AR 
Notes: 
kK. Winding arrangement No. @. 
AD). Requirements apply to primary winding with secondary winding short-circuited. 
AE Resistance variation +3 percent on secondary winding. 
AF Armature back tension minimum 45-gram readjust, 40-gram test. 
AR Winding arrangement No. 
Nov 1967 TI-25 
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TABLE II-3 (Cont) 


CODE INFORMATION 


AG RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS ees 
; ; Spg Min Max See 
M B BM EBM EMB Other Comb. Code Turns Res Sleeve Soak Oper Hold Ris “msec — Note 
6 CONTACTS 
3 3.60 4s = 45B AGi4 P3330 4oo 8 = go P.R 30 44 3.6 AD), 
8.3440 e210 P.T 31.5 4.7 3.3 85 137 (AB), 
S.R 30.5 AH), 
8.T 32.5 AR 
2-2 = = - 18B = AG2 4 8250 1050 0.147 360 «6 R13006(Oo1.5 Si. 
T 13.7 1.6 0.7 300 620 Z, 
33-4. -. - = 5B AG27 P.3250 198 95 P.R 32 4.5 3.4 K, (AD) 
8.2430 80 - P.tT 34 4,8 2.7 103 206 
S.R A5 
S.T 47.5 
42. = = - 67B AG35 P.3330 400 - 90 P.R 30 4.4. 3.6 85 137 (AD), 
8.3440 210 P.T 31.5 4.7 3. AE), 
S.R 30.5 AH), 
S.T 32.5 AR 
ee. a - 50 Acuo 19400 2500 - 653 R4.40.8 0.5 
T4.7 0.9 O.4 
7 CONTACTS 
PSO as FBR tk - e2h6B AGI 15800 1625 - 19 R8.9 1.1 0.9 
TQ41.2 0.8 
Bee wi 42 - 282B AG2l P.3000 450 - 100 P.R46 5.7 4.6 
8.2540 57 P.T 48.5 6.0 3.9 136 267 K, (AD), 
S.R 57.5 (AH) 
8.7 60.5 
231 - - - 56B AG22 P.3000 450 = 100 P.R 34 65.3 «4.2 
8.2540 57 P.T 36 5.6 3.5 144 288 K, (AD), 
8.1 W265 (AH) 
S.T 45 
Pog al, (BP. se - 267B AG30 8275 500. -~ 36 R17 2.0 1.6 
; PAS “2.4 Las -7.2 17 
2-- 2 - LEM 325B AG54 P.4800 360 - 65 P.R29 3.6 2.6 K 
§.131501900 P.T 30.5 3.8 2.2 
S.R 11 
8.7 11.7 
Notes: 
K. Winding arrangement No. 2. 
Z. Adjusted on light contact force, 
AD), Requirements apply to primary winding with secondary winding short-circuited. 
AE), Resistance variation +3 percent on secondary winding. 
AH). Armature back tension maximum 80-gram readjust, 85-gram test. 


AR). Winding arrangement No. 6 
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CODE INFORMATION 


TABLE II-3 (Cont) 


CODE INFORMATION 


X-75509 


AG RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS ee 
Spg Min Max See 
M B BM EBM EMB Other Comb. Code Turns Res Sleeve Soak Oper Hold Ris “msec Note 
8 CONTACTS eae 
wry / f 
53 - - = é 36B AGE ." 8250 1050 0.147 36. OR 11.8) 2.0 1.4 
‘gee TT 1w.4 2.1 1.1 245 475 
Or DA So Os 22 ‘ 233B 8 ©6AG3 8250 1050 0.147 36 R 16.5 2.4 1.4. 
T17.5 2.6 1.1 195 475 T 
ee x 233B AGI16 8250 1050 0.147 36 R16.5 2.1 1.4 
T 17.5 2.3 1.1 225 475 
BO toe FOS oe 2 233 AGLL 8250 1050 0.147 36 R16.5 2.1 0.7 
T 17.5 2.3 0.4 225 830 
3- - 1 +L. Ey 221 AGL5 7800 600 0.091 38 R17.5 2.3 0.8 
T 18.5 2.5 0.5 i147 512 
O58 me BS se =“ 286B AG23 15800 1625 - 19 R 6.4 1.1 0.8 
T 6,8 1.2 0.6 
L- - 1 2 1EB 297B AG37 P.3000 450 - 100 P.R4H6 5.9 4.6 
$.2540 57 P.T48.5 6.3 3.9 130 275 K,AD 
S.R57.5 
8.T60.5 
33 - - 1 = 296B AG36 7800 600 0.091 38 R14.7 2.3 1.8 
T 15.5 2.5 1.5 150 280 (AG) 
-- - 1 2 2FB 290B AG47 P.3000 450 - 100 P.R46 5.9 4.6 
8.2540 P.TH8.5 6.3 3.9 130 275 K,AD 
S.R57.5 
S.T60.5 
Ye Bot ae 8 Ss 72B AG51 23600 Hooo - 10 R 4.2 0.7 0.5 (AY) 
T 4.50.8 0.4 
9 CONTACTS 
B81l- - - - H8B  AGI8 13500 2000 0.091 20 R 7.6 1.4 0.9 
T 8.01.5 0.7 142 320 
23 - 2 = - 264B AGHL 13500 2000 0.091 20 R10.2 1.7 1.3 
710.8 1.8 1.1 120 235 
322 .- 4 x 76B AG55 P.6525 1000 - H6 P.RI5 2.7 1.9 
8.2260 He P.T16 2.9 1.6 136 307 K,AD 
S.R45.5 
$.T48 
Notes: 


K. Winding arrangement No. @. 
T, Armature back tension minimum 65-gram readjust, 60-gram test. 


AD). Requirements apply to primary winding with secondary winding short-circuited. 
AG). Armature back tension maximum 60-gram readjust, 65-gram test. 
AY). The use of a protective network on the coil is required to limit the peak 


voltage to a safe value. 
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CODE INFORMATION 


SN WwW WY 


Notes; 


ny) 


Ww Ui 


CONTACT ARRANGEMENT 


1EM 
1PM 


Spe 


2228 


279B 


20B 


20B 


416B 


Code 


AGe6 
AGHe 


AGL5 


AGH6 


AGL 
AGLO 
AG38 


AGHS 


Ages 
AG33 
AG34 
AG39 


K. Winding arrangement No. 2. 


(AD). 


TI-28 


Turns 


5575 
10050 


16050 


1975 


13950- 


8250 
10050 


P.3000 
$.2540 


P. 3000 
$.2540 


10050 
10050 
8250 
P.7975 


TABLE II-3 (Cont) 


CODE INFORMATION 


8.13950 2700 


AG RELAYS 
es a + RELEASE 
WINDING CURRENT FLOW REQTS TIME 
Min Max See 
Res Sleeve Soak Oper Hold Rls msec Note 
10 CONTACTS 
550 0.147 33 R25 3.9 2.5 
T 26.5 4.1 2.1 187 402 
875 0.O46AL 30> R 14 1.9 0.7 
éf TIAG Bil. 0.5. 46 175 
\ - we 
ea Vie 
11 CONTACTS 
2200 0.046AL 18 R 6.6 1.3 1.1 
T 7 1.4 0.9 4o 85 
1000 - P38 PpR12.8 2.7 1.7 K 
2700 PT13.5 2.9 1.4 5 16 
SR 7.7 
st 8.1 
12 CONTACTS 
1050 0.147 36 Ri12.1 2.5 1.6 
T 42,8 2.7 1.3 190 425 
875 0.0O46AL 30 R 10.2 2.1 1.4 
T 410.8 2.3 1.2 42 100 
4.50 = 100 P.R47 7.9 6.0 
57 P.T49.5 8.4 5.2 96 210 K, (AD) 
$.R58.5 
S.T61.5 
P NO 26.5R, T 
150 - 100 P.R56 8.0 6.6 K, (AD) 
57 P.T59 8.4 5.9 95 195 
S.R70 
S.T74 
13 CONTACTS 
875 0.046cu 20 RI14.5 2.3 1.3 
T 15.5 2.5 1.1 61 145 
875 0.046AL 30 R 14 2.3 1.5 
TI4AL7 2.5 1.3 40 95 
1050 0.147 36 RIT 2.8 1.8 
T 18 3.0: 1b. 5-175: 395 
1000 = 38 P.R17.5 3.0 1.9 
P.T18.5 3.2 1.64.5 14 K 
S.R10.5 
S.T1L.1 


Requirements apply to primary winding with secondary winding short-circuited. 
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TABLE II-3 (Cont) 


CODE INFORMATION 


AG RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS ae 
SpE Min Max See 


M B BM EBM EMB Other Comb. Code Turns Res Sleeve Soak Oper Hold Rls msec Note 


14 CONTACTS 


TP ae NU 88 ~ 239B AG6 16050 2200 0,046AL 18 R 8.8 1.5 1.0 
T 9.3 1.6 0.8 37 95 
Ser oo ee EM 281B aAGhs 6525 1000 - U6 P.RE1.5 3.8 2.4 K 
2260 842 P.T23 4.0 2.1 95 250 (AD) 
S.R65 
S.T70 
22 - 2 1 1PBEM 419B AG60 8250 1050 0.147 36 R 20.5 3.1 2.0 156 355 
1PMEB T 24.5 3.3) 1.7 
15 CONTACTS 
a 7 2H1IB AGT 8250 1050 0.147 36 R 16.5 3.0 1.9 
T eee 3.2 1.6 155 365 
21- 4 2 a 271B AGI1T 16050 2200 0.046cU 18 R 8, 1,6: 0 
. T 9.3 1.7 0.8 55 150 
5-- 3 2 - 262B AG2O 13500 2000 0.091 20 R 10.2 1.9 1.1 
T 10.7 2.0 0.9 103 260 
43 - 4 . - 230B AG48 13500 2000 0.091 20 R10.2 1.9 1.2 
D T 10.8 2.0 1.0 105 250 
LY 
LO 
a 
bd 
16 CONTACTS 
31- 4 2 = 224B AG32 P.7975 1000 - 38 P.RI7.5 3.5 2.0 K,R 
8.13950 2700 P.T18.5 3.7 1.7 3.7 13.5 
P/SR6.6 1.4 
Perr. 1.5 
PNO R9.2 
PNO 18.7 
Se BoB “ 318B AG52 P+30p0 700 50 ~=— P. REY. 4.5 2,8 K 
8.17400 3300 P.7T25.5 4.8 2.5 4.0 13.0 
S.R 8.3 
8.7 8.9 
ghee see = 7OB AG59 P.4350 450 0.091CU FS  P.Re8 5.8 4.7115 180 K 
8.4600 500 P.T29.5 6.1 4.3 
S.R28 
§.T29.5 
Notes: 


K. Winding arrangement No. 2. 
R. P/S primary and secondary in series aiding. 
(AD). Requirements apply to primary winding with secondary winding short-circuited, 
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CODE 


TNFORMATION 


CONTACT ARRANGEMENT 
Spgs 

M B BM EBM EMB Other Comb. Code 
S83 2 1 1EM 408B <AG29 

2PMEB 
kod. . 1 LEM 

LPBEM 4138 

2PMEB 
a = 34B  AGgks 
Bar BG = pe 314B AG5O 
Ges ct TAGR ok - 343B AG6L 
Sa Bobs) - 326 AG57 
2708, ak SQ 3 - 249B AG53 
Notes: 


K. Winding arrangement No. @. 
Requirements apply to primary winding with secondary winding short-circuited. 


AD). 


TI-30 


Turns 


TABLE 


Il 


CODE INF 


AG Ri 


WINDI 


Res 


-3 (Cont) 


ORMA TION 


BLAYS 


G 


Sleeve 


17 CONTACTS 


7800 600 


AG56 P.3000 450 
8.2540 57 


0.,0910U 


18 CONTACTS 


8250 1050 
16050 2200 


8250 1050 


0,1470u 


0,046CU 


o.147cU 


el CONTACTS 


16050 2200 


0.O46cU 


2k CONTACTS 


3000 4450 
2540 57 


CURRENT FLOW REQTS 

Soak Oper Hold Ris 

39 R22 3.72.2 

T 23.5 339 1.9 

100 P.R57 9.7 6 

100 P.T60 10.2 5.3 
S.R71 
8.775 

36 R 15.5 3.3 2.0 

; T 16.5 3.5 1.7 

18 R 8.81.8 1.3 

T 9.31.9 1.1 

36 R17 3.5 2.1 

T 18° 3.7 1.9 

18 R 9.4 2.0 1.1 

T 9.9 2.10.9 

100 P,R62 11.4 6.6 

100 | P.T65 12 5.9 
3.R80 
§.7T85 


RELEASE 
TIME 
Min Max See 
msec Note 
90 235 
K,(AD) 
TH 205 E 
145 360 
4B 115 
135 330 
4O LOO 
K,(AD) 
57 195 
Nov 1967 
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TABLE II-4 


CODE INFORMATION 


AK RELAYS 


X-75509 


CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spg See 

M B BM EBM EMB Other Comb. Code Turns Res Oper N.O, Hold Ris . Note 

A CONTACTS 
Oe, te - 7 7 8 AK12 TT 12300 1500 9.5 (AV) 
BY Se _ = - B 12300 1500 9.5 

6 CONTACTS 
nce oe ‘ - a LL AK25  & 8600 640 13.5 2 (AV) 
Hi oy) 8 7 7 - B 8600 640 13.5 2.6 
Lol ete - 5 AKQ9 15750 eh50 7.3 (AV) 
M3 se = - 7 B 4000 5 ed 12.5 

7 CONTACTS 
ee : Z 213. AK18 T 4000 210 AL (AV) 
- 1 . 1 - LEM B 4000 210 AL 
Notes; 


(AV). Winding arrangement No. 8, 
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CODE INFORMATION 
TABLE IT-4 (Cont) 
CODE INFORMATION 
AK RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spe See 

M B BM EBM EMB Other Comb. Code Turns Res Oper 0% Hold Rls Note 

8 CONTACTS 
ier ck, 2s - 1 7 206 AKil T 10300 960 6.5 (AV) 
ie Ts, 2 1 - B 10300 960 16.5 
Tes 334° 2 a = = 4 AK5 T 8600 640 15 (AV) 
L 3. = - 7 B 8600 640. 15 
Be = z — 217 AKeo  T 8600 640 919.5 (AV) 
Twes 2 2 Es s B 8600 640 19.5 
ate 35 = = = 3 AK3 T 4820 185 31 (AV) 
ae aah Ce = a B 5825 280 26 
~.- 2 - - = 3 aK2e3. 71 15750 2450 37.4 (AV) 
Sey ED y - < B 15750 2450 74 

9 CONTACTS 
Oe BE - 7 = 17 AKLO = T 4o00 145 29 6.9 (AV) 
2 3 . = - ej B 8600 64.0 13.5 
Be ak 41: = ~ - 20 AKH3 =T 10300 960 10 cee 
Bes, ve “ 2 = B 2800 65 37 

10 CONTACTS 
Brat “aa See ee = 9 AKI5 T8600 640 13.5 5.6 AV) 
i re - = 10300 960 11.9 
Bey ce = 1 = 218 AK27 TT 8600 640 19.5 AV 
le “Te 7 1 1EB B 15750 2450 10.5 
ee = < a 1 AK2 T 10300 960 11.5 AV) 
5. le = = = B 10300 960 11.5 one, 
a) S - - 13 AK29 T 15750 2450 TA Qe Dee AV 
=. Vile 20 * S 2 B 15750 2450 74 o 
et ee) e s 13 AK38 7 10300 960 11.3%. 1080 5.1 AV 
oe <2 é 4 = B 10300 960 11.3° 5.1 
Br oe © = é = 19 AKH6  T 5000 630 25 21.5(60 soak)5 AV 
ew Roem “2 = B 5000 630 25 21.5(60 soak)5 
Notes: 


W. Armature back tension minimum 20-gram readjust; 15-gram test. 
(AV). Winding arrangement No. 8. 
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X-75509 


TAI 


BLE I 


- (Cont) 


CODE INFORMATION 


AT). Copper sleeve and domed armature on bottom unit. 
AV). Winding arrangement No. 
BB). Domed armature on bottom unit. 


Nov 1967 


AK RELAYS 
CONTACT ARRANGEMENT WINDING 
Spgs 
M B BM EBM EMB Other Comb Code Turns Res 
12 CONTACTS 
2 - 2 7 = 12 )«6AK24) oT 15750) «02450 
Oo <r. 4B - - B 15750 2450 
Bus ~ 1 EM 215 AK21 T 8600 640 
Bins : LEM B 8600 640 
7 Z 3 7 - 214 AK19  T 4000 210 
= 5 3 - = B 4000 210 
Oe seen ds 1 L - 223 AKhe T 12300 500 
2 - 1 1 = B 12300 1500 
13 CONTACTS 

1 oi. 2 1 7 201 AKL T 6900 410 
Te. Woe ce ff = a B 4380 315 
2 2 1 - - 10 =AK26 . T 8600 640 
2 1 2 - - - B 8600 6440 
=r Ge U5 7 2 2 14 AK310—Oid Ts 8125 955 
Dey te = es MS B 4000 145 
3 2 -. 2 - 7 209 AK33 T 15750 2450 
Sr ba es 2 ORB B 15750 2450 
13 21 - - = 15 AK34 Tf 8600 640 
21 2 - - - B 8600 640 
Te Sb, 2 i 7 201  AK37 T 12300 1500 
1, ADs oo ce 1 ~ 7 B 7600 1100 
13 1 - - 7 15 AK500 T 8600 640 
2 1 2 - - - B 8600 64.0 
Notes: 
W. Armature back tension minimum 20-gram readjust; 


Do IMMOALE UONManU 


x 


CODE 


INFORMATION 


CURRENT FLOW REQTS 


NO. 


(35 soak) 


15-gram test. 


Hold Rls 


See 
Note 


(AT) (AV) 
(AV) 
(AV) 

AV 


BB 
AV 


AV 
AT 
AV 


eae) 


CODE 


INFORMATION 


CONTACT ARRANGEMENT 


A 
pb 
to 
a 


Code 


~ AK10 
AK39 


AK13 


AKT 


-4 (Cont) 


AK 


EH INFORMATION 


RELAYS 


WINDING 


Turns Res 


14 ¢ 


HOAWAOAOeWAOH 


Hw 


ise) 


15 C 


T 
a) 
T 
B 


16 ¢ 


P 
B 
T 
B 


ONTACTS 

15750 2450 
10300 960 
4000 210 
4000 210 
725 5.5 
12300 1500 
3400 100 
31.00 100 
6900 410 
6900 410 
4000 210 
4.000 210 
15750 2450 
3400 LOO 
15750 2450 
15750 2450 
ONTACTS 

15750 2450 
10300 960 
15750 2450 
10300 960 
ONTACTS 

8600 640 
8600 64.0 
8125 955 
8125 955 


Resistance variation on top winding +15 percent. 


Spgs 

M B BM EBM EMS Other Comb. 

2 - 1 1 LEM 204 

Le dees 2 - 1EM 

2 - = L, av LEM 212 

@ - = al 1 1EM 

3 - - i LEM 219 

1 - 2 1 LEM 

Oh ahs ta - 2 - 211 

3 - = = 2 - 

- - 3 - - 208 

a a 7 3 a S 

e@ - = - 2 LEM 210 

AQ = = - 2 LEM 

Q@- - 1 1. 1EM 204 

Pde. a8 2 - LEM 

Q = - 1 1 LEM 204 

de de os 2 - LEM 

4 a 7 

i Ty - - - 

- - = 2 2 - 221 

Ll - es al 2 

- - - 3 - 2EM 203 

- - - 3 - 2EM 

- 3 - 2EM 203 
- 3 - 2EM 

Notes: 

W. Armature back tension minimum 20-gram readjust; 
AU). Domed armature on top and bottom units. 
AV). Winding arrangement No. 
RB). 


TT-34 


ro 


CURRENT FLOW REQTS 


15-gram test. 


See 
Oper N.O. Hold Ris Note 
iomars AV 
16 (AV) 
tL AV 
ne (AV) 
30 Lo (AV) (RB) 
1S i58/ 
48.5 33 (AV) 
48.5 33 
ah, (AV) 
ek 
ut (AV) 
10.4 (AV) 
48 32.5 18 > 
8,8 6.2 * 2 Ww, (AV) 
10.4 
7A 1.5 (AV) (AU) 
15.5 2.6 
oe a 4.2 (AV) 
16 
23 (AV) 
23 
25.5 ll (Av) 
25.5 11 
Nov 1967 
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CODE INFORMATION 


TABLE II-4 (Cont) 
CODE INFORMATION 


AK RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
Spe See 
M B BM EBM EMB Other Comb. Code Tums Res Oper “Oe Hold Rls Note 
18 CONTACTS 
Pie <« 2 2 ss 202 AKY TTIS5750. OF50 11.3 27° % * (AV) 
I, cee 6: "2 2 - _~.  B15750 2450 11.3 
Lee es 2 2 - 202 .AK30° TT 8600 640-22 is (AV) 
1 - - 2 2 - Neier 2 B 8600 64.0 22 
- - 2 2 7 202 AK35 7 15750 e250 11.8 AT 
1 - - 2 2 = B 6250 680 30 (48 soak) 4.2 AV 
- + 5 - - - 16 AK36 T 1390 16 135 AV 
- @2 3 - - - B 12300 1500 Ll 
Ll = - 2 2 - 202 AK41 T 6250 680 30 48 soak) 4.2 (AV) (BC) 
lL - - 2 2 = ues, BB 6250 680 30 big se 42 hae oe 
1 - = 2 2 : 202 /AKY7, T 12300 1500 12.5 ? ‘ yw, (Av) 
Lda: ee 2 2 - \ ue” -B 12300 «—-1500)ss«—12,.5 “~ fA ‘ 
1 - - al 3 = pol akg 7 15750 e450 11.3 
i ae ae 1 3 - B 15750 2450 11.3 
20 CONTACTS 
- - 5 - - - 2 AK6 T BB00. OF0 27.5 (AV) 
- 5 - - - B 8600 64.0 268 
~~ = = 3 2 ~ 216 AK22 T 8600 640-26 | (AV) 
- = 3 2 = B 8600 640 = 26 
- = 7 5 - - e222 AKHA T 8600 HO 26 (AV) 
- - - 5 - - B 8600 640-26 
- - 5 - - =. 2 AK501 T 8600 640 27.5 (AV) 
So ger 1D - = 7 B 8600 640 27.5 
- - 7 3 2 - 216 AK50 T(P)6282 820 36 
s)5024 682 45 (BH) 
ace be 3 2 - B(P)6282 820 36 
Notes: 8) 5024 682 45 
W. Armature back tension minimum 20-gram readjust; 15-gram test. 
AT). Copper sleeve and domed armature on bottom unit. 
AV). Winding arrangement No. 8. 
BC). Copper sleeve and domed armature on top and bottom units. 
BH). Winding arrangement No. 12. 
TABLE TI-4A 
CODE INFORMATION 
AM RELAYS 
CONTACT ARRANGEMENT WINDING CURRENT FLOW REQTS 
No 
Spe Non-: Flux See 
MB BM EBM EMB Other Comb. Code Turns Res Soak Oper N.O. Ris Rls Ris Note 
20 CONTACTS oo 
be os, 7B- 72 - 216 AME T 3400 100-300 -100 - <4e7) - +32 BG,BK,BL, 
= 3 2 - ; B 3400°EOO -300 -100 - +27 - +32 BM, BN, BO 
| 5 S - 222 AM2 T 3400 100 -300 ~-100 - +27 - $32 BG,BK,BL, 
-- - 5 - - B 3400 100 -300 -100 - +27 - +32 BM, BN, BO 
ee, ee = 216 AM3 T 3400 100 -300 -150 - 416.5 +7.4 +32 BG,BD, BK, 
~-~ 3 2 2 B 3400 100 ~300 -150 - 416.5 +7.4 +32 BL,BM,BN,BO 
we = 5 - 7 222 =AME = T 3400 100 -300 -150 2 16.5 +7.4 32 BG,BD,BK, 
wk a 8B OS B 3400 100 -300 -150 - +16.5 +7.4 +482 BL,BM,BN,BO 
otes 


BD. Adjusted on heavy contact force, 

BG. Winding arrangement No. li. 

BK. Armature back tension minimum 40-gram readjust; 35-gram test. 
BL. Armature back tension maximum 110-gram readjust; 115-gram test. 
BM. Soak current shall not flow for more than 5 seconds. 

BN. Operate and nonoperate test after soak and no flux release, 

BO. Release and nonrelease test after soak. 
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TIMES 


RELEASE 


TIMES 


TIMES 


IT-5 


RATE AND RELEASE 


RELAYS 


TABLE 
OPERATE 


AF 


a 


a) 


OPI 


CODE INFORMATION 


5.6 


Aaa an 
siwst ma 
=t coo st Aa 
NLAN oc ~o LAT 
HAAN © ON aA 
a4 

OO ina) hMLIAO O 
iA inst ioe) Ao 
NO 
LA UNCO LOROZOR®e) 
OA CoO MLN 
mado 
OOO a nooo 
Nid at OWm@MdoO 
ANaaa 
\O C10 OV mat 
a fai cro 
Aa 

* 
O00 \O OO00 
elon foal OO © 
atat al OF LAL 
GHANA 
AAMTLU ORO HO 


me) 
nae 


Ono 
IA 


29.0 


216 37.0 13.0 


2500 


CO Qs 100 AT bre el aad 
ion) WavetRcatra) Inia 


8.9 
ai 
3 

8 

i 


Pe ee 


mcdo 
doe 


LALA 


3.7 


13.0 29.0 8.5 


48.0 


San al 
Amat 


2. 
ésds 


Ls 


217 


2500 


ae) 
9.3 


3.5 
5.6 


3.6 


oe) 


AAT 
T 


222 


16* 
270 


LNA 
HOW 
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* Tn series with 90-ohm noninductive resistance. 
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CODE INFORMATION 


TABLE II-5 (Cont) 


OPERATE AND RELEASE TIMES 
AF RELAYS 
Spgs OPERATE TIMES RELEASE TIMES 
Code Res Comb. Max Min Avg Max Min Avg 
AFUE 
47 
48 270 28 5.6 2.8 4,2 ie oe 3.2 
49 400 212 10.5 ALS 7.3 3 nie 3.3 
50 700 18 10.0 4,9 7.3 11.5 1.8 5.4 
51 700 3 9.1 4.5 6.7 13.2 2.2 6.2 
52 700 19 9.1 4,5 6.7 8.8 4 41 
53 700 2 9.1 AS 6.7 8.1 1.2 3.7 
5h 700 25 9.1 4,5 6.7 8,4 1.43 3.8 
55 700 26 9.1 4.5 6.7 (22 17. 3.2 
56 700 209 12.0 5.1 8,3 15.5 2.4 6.9 
a 700 210 12.0 5.1 8.3 10,2 1.5 4.5 
5 
59 2500 3 29.0 10.0 20.0 13.2 2.2 6,2 
60 2500 12 34.0 10.0 20.0 10.7 ney 45 
ss 2500 23 31.0 10.0 20,0 2.5 2.0 5.7 
2 
63 2500 229 39.0 134:0 29.0 10.9 1.5 4,8 
a 2500 219 TH.O 13.0 29,0 7.0 1.0 2.8 
5 
66 P-100 225 
$-1100 26.5 10.0 16.0 11.5 1.7 5.2 
67 2500 207 40,0 13.0 29.0 11.5 haf 5.2 
68 P-1000 10 13.0 6.8 10.5 
Z S-2700 26.0 9.0 17.0 4,2 2.3 6.5 
9 
wae) P-1000 202 18.7 8.2 14.0 
§-2700 42,5 12,0 25.5 12.5 17 5.2 
TL P-1175 4 7.8 6.7 11.5 12.5 2.0 5.7 
8-1075 7.5 6.8 11.5 
72 P-1175 201 9.5 8.6 15.0 13.1 2.0 5.6 
$-1075 21.4 8.2 15.0 
73 P-1175 203 19.5 8.6 15.0 10.9 1.5 ALS 
S-1075 21.4 8.2 15,0 
TA 
75 
76 
77 P-300 8 6.6 3.5 5.1 8.4 1.3 3.8 
3 8-300 7.0 3.8 5,4 
7 2 
(3 2500 205 60.0 113;..0:,) 29.0 8,0 1.1 3.3 
3 pees 
81 
82 700 235 12.0 5.1 8.3 Car napa 3.2 
83 2500 8 46.0 10.0 20 8.4 1.3 3.8 
84 2500 236 48.0 13.0 29,0 8.5 1.2 3.4 
85 1000 4O1 175.0 50.0 97.0 86.0 17.5 55.0 
86 500 237 16.0 9.0 13.7 11.5 ds. 5.2 
87 2550 240 270.0 55.0 98 210.0 38.0 113.0 
88 700 40 10.0 4,9 7.3 7.8 1.2 3.6 
89 34 41B TO 1.9 5.5 
90 270 ee 7.9 3.6 5.6 11.5 aT 5,2 
Nov 1967 IL-37 


CODE INFORMATION 


TABLE -5 (Cont 


) 
OPERATE AND RELEASE TIMES 
A 


Spgs OPERATE TIMES RELEASE TIMES 
Code Res Comb Max Min Avg Max Min Avg 
AFOL 270 43 5.6 2,8 4,2 11.5 L.8 5.4 
ge 270 7 5.6 2.8 4.2 8.8 1.4 41 
93 
gt P-1000 243 22,0 8.2 14.0 8.5 130 3.4 
§-2700 60.0 12.0 25.0 
95 16% 24d 6.1 2.7 4,3 8,0 wl 3.3 
96 p-8 6 
g-850 8.5 AS 6.5 14.0 2.0 6.0 
97 Pp-2.7 H6 
§-690 Tad 4.0 5,8 14,0 2.0 6.0 
98 950 O45 28.0 10,0 17.5 8,3 li 3.3 
99 P-1000 251 18.7 8,2 14,0 
$-2700 42.5 12.0 25.0 11.5 1.7 5.2 
100 700 252 12,0 5.1 8.3 7.5 eee 3.1 
101 P-300 ah 7A 3.5 5.6 
8-300 Tak 3.8 6.0 13,2 2.2 6.2 
1.02 P-10 6 
g-4.00 10.5 4,4 6.7 14.0 2,0 6.0 
103 p-8 4.6 
$-850 15.7 5.0 8,4 14.0 2.0 6.0 
104 p-2.7 16 
8-690 12.5 4.0 8.6 14.0 2.0 6.0 
105 270 253 7.9 3.6 5.6 10.9 1.5 4,8 
106 2000 37 50.0 17.0 26.5 200.0 49,0 122 
107 
108 
109 P-100 218 
$-1100 21.5 9.0 16.0 10.9 1.5 4,8 
110 950 272 32,0 10.5 TA. 5 4,2 1,0 1.6 
111 700 270 2.0 5.1 8,3 7.7 Deak: 3.2 
112 700 268 2.0 5.1 8.3 8.3 1.1 3.3 
113 2500 273 48,0 18.0 29.0 8.5 1,2 3.4 
114 700 By 9.1 5 6.7 10.7 1.7 5.0 
115 2500 e74 39.0 13.0 29.0 10.9 1.5 4.8 
116 400 285 9.6 He 6.7 8,0 1.1 3.3 
117 180 222 10,4 5.6 8.0 9.3 1.3 4.d 
118 950 401 26.5 12.0 18.0 10.4 1.3 4,0 
119 2500 266 85.0 15.0 29.0 4.0 120. 2.1 
120 950 406 36.0 18.0 27.0 8.8 1.2 3.6 
121 16* 31 44 2.2 3.3 7.2 al 3.2 
122 16% 4g Ad 2.2 3.3 8,4 3 3.8 
123 P-1175 217 eu 5 8.6 15.0 8.5 .2 3.4 
8-1075 25,0 8.2 15.0 
124 500 287 16.0 Tied 10.5 10.9 155 4.8 
125 500 4S 18.5 7,0 10.5 8.3 wl 3.3 
126 LOO 288 9.6 4.2 6.7 10.9 5 4,8 
127 P-335 2a: Supervisory Relay 
$-335 
128 P-1175 32.5 8.6 15.0 
S-1075 254 eT .5 8,2 15,0 7.2 1.1 3,2 
129 2500 28 61.0 10.0 20.0 7.5 aie 3.1 


* In series with 90-ohm noninductive resistance. 
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CoD INFORMATION 


TABLE II-5 (Cont) 


OPERATE AND RELEASE TIME 


cep) 


Spe OPERATE TIMES RELEASE TIMES 
Code Res Comb. Max Min Avg Max Min Avg 
AFL30 P-100 210 
8-1100 23.0 9.0 16.0 10.9 1.5 4.8 
13 270 4O7 9.8 ALL 6.7 9.0 1.3 3.7 
132 700 61 9.1 45 6.7 7.8 cies 3.6 
133 P-1175 37 15.0 6.7 11.5 14.0 2,3 6.5 
S-1075 16.0 6.8 11.5 
134 2500 230 65.0 15.0 29.0 Tet Led 3.2 
35 500 HOOB 21.5 9.0 13.7 4.0 lee) TF 
136 700 410 5.0 5.9° 10.0 9.0 1.2 3.7 
137 270 412 10.9 ALS 7.6 9.6 166 4,0 
3 100 53B - - - 5.5 et 4.0 
39 2500 256 46.0 13.0 29.0 8.9 1.3 3.8 
140 2500 304 55.0 13.0 29.0 8.3 Ll 3.3 
141 P-5i0 225 Line Relay 11.5 Ley 5.2 
8-540 
142 180 310 11.0 6.1 8.6 4.2 1,0 1.7 
143 860 311 23.0 9.0 14.0 8,0 ideal 3.3 
144 700 258 12.0 5.1 8.3 13.1 2.0 5.6 
145 500 269 16.0 F60 10.5 10.2 1.5 WAS 
146 2500 207 50.0 15.0 29.0 10.5 1.7 7 
147 2500 217 55.0 15.0 29.0 8.5 1.2 3.4 
148 180 280 11.5 6.1 8.6 4,2 1.0 nerd 
14g 34 209 15.5 2.4 6.9 
150 180 289 10.1 5.6 8.0 9.3 1.3 Ad 
151 270 15 9.8 AA 67 8.7 1.1 3.5 
152 1625 34 45.0 9.5 16.0 6.9 1.1 3.2 
153 275 261 20.0 7.0 10.4 3.9 1.0 2.1 
154 275 417 14.5 8.0 10.4 9.0 1.3 Sry 
155 2500 418 60.0 15.0 33.0 7.9 heck 3.3 
156 700 295 12.0 5.1 8.3 10.9 1.5 AAS 
157 180 317 11.5 ome 8.6 3.9 1.0 2.1 
158 550 36 52.0 14.0 26.0 235.0 30.0 145.0 
159 200% 295 20.0 3.8 12.4 10.2 1.5 45 
160 200* 73 20,0 2.6 10.0 9.6 1.5 AS 
161 200% 61 26.5 2.6 10.0 7.8 Ae 3.6 
162 200* 8 2H 0 2.6 10.0 8.4 1.3 3.8 
163 200% 206 25.0 3.8 12.4 8.5 1.2 3.4 
164 700 319 12.0 5.1 8.3 9.7 1.4 4.2 
165 950 61 28,0 8.0 12,0 TB sea 3.6 
166 500 421B 22.0 9.0 13.7 4,0 1.0 Lui? 
167 P~950 327 22.0 8.5 14.7 10.7 3 4.1 
s-450 10.8 4.8 7.6 - = = 
68 700 46 13.2 5.6 9.1 14.5 2.1 6.5 
69 275 331 18.0 6.0 11-9 4 Oo 1.0 oa 
70 LOO 206 9.8 4,2 6.8 5.1 1.6 2.3 
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* In series with 90-ohm noninductive resistance. 
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* In series with 90-ohm noninductive resistance 


Nov 1967 


TABLE II-6 


OPERATE AND RELEASE TIMES 
AJ RELAYS 
OPERATE TIMES 
Max. Min Ave 
Supervisory Relay 
4.0.0 10.0 18.0 
99.0 3,5. 31.0 
37.5 14.0 23.5 
Supervisory Relay 
12.0 5.1 8.3 
15.5 8.6 12.0 
8.3 a) 6.4 
12.0 5.1 8.3 
24.0 8.0 11.5 
55 12.0 26.5 
12.0 yee 8.3 
30.0 8.0 14.5 
10.4 5.6 8.0 
7.4 3.5 5.6 
7.7 3.8 6.0 
el..o 8.0 11.5 
5.5 12.0 26.5 
7.9 3.6 5.6 
132 5.6 g.1 
Supervisory Relay 
Supervisory Relay 
Ring Trip Relay 
Supervisory Relay 
84.0 28.0 50.0 
24.0 8.2 12.0 
60.0 14.5 26.5 
Supervisory Relay 
13.2 5.6 rai 
11.0 5.5 2 
9.8 5.2 5 
Supervisory Relay 
Woy 2,2 3.3 


Max 


UR 


PNP FP Ww FP WO 


OrRH fo) 


Hh 


CODE INFORMATION 
RELEASE TIMES 
Min Avg 
1.3 4.2 
1.0 3.5 
2.3 Bad 
1.3 4,2 
2.6 8.0 
2.3 5.5 
1.0 3.5 
1.4 4.6 
1.0 3.5 
1.3 4.2 
1.8 5.2 
363 8.6 
1.1 46 
1.3 4.2 
Ly 3 4.2 
7. 30.0 
a” 4.6 
1.9 5.7 
2.4 6.7 
1.4 4.5 
2.0 4.0 
3.8 8.6 
TI-41 


CODE 
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50 


72 


INFORMATION 
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TABLE II-6 (Cont) 


OPERATE AND RELEASE TIMES _ 


Max 
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OPERATE TIMES 


* In series with 90-ohm noninductive resistance 


Ii-42 


Min Avg 
1 2.7 43 
Supervisory Relay 
¢) 10.0 18.0 
Supervisory Relay 
6) 10.0 21.0 
Supervisory Relay 
7.0 11.0 
2.7 4.3 
10.0 18.0 
Ring Trip Relay 
Aaa 10.2 
11.0 18.5 
Ring Trip Relay 
Supervisory Relay 
0 30,0 40.0 
Supervisory Relay 
50.0 75.0 
50.0 75.0 
12.0 30.0 
5.6 10.0 
4.2 (88 
upervisory Relay 
Ring Trip Relay 
10.0 22.0 
upervisory Relay 
10.0 14.5 
5.1 8.3 
50.0 75.0 
10.0 20.0 
9.0 14.0 
8.0 12.0 
Supervisory Relay 
5.6 9.1 
5.6 9.1 
8.0 11.5 
12.0 26.5 
8.0 La 5 
12.0 26.5 
5.6 8.2 
5.6 8.2 
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Code Res 
AJ 73 P360 
81900 

Ty 2500 

5 2500 

76 2500 

77 P200 
$200 

78 P1000 
32700 

19 1625 

80 1050 

81 500 

82 500 

83 2500 

84 800 

85 3800 

86 P200 
$200 

87 P1200 
86000 

88 P200 
8200 

89 270 
90 16* 
gl 200T 
BD ge 200T 
i> 08 200t 

— 

bu Qt. 700 
95 950 

96 34 

97 P210 
§1000 

98 34 

99 P200 
$200 

100 180 
101 500 
102 P200 
$200 

103 1050 
104 950 
105 16* 
106 16* 
107 950 


CODE INFORMATION 


TABLE II-6 (Cont) 


OPERATE AND RELEASE TIMES 


AJ RELAYS 
OPERATE TIMES RELEASE TIMES 
8.3 4.2 6.2 8.0 2.0 4.0 
Ou. 5 8.0 15.5 
29.5 10.0 20.0 14.1 2.4 6.7 
LO.O 13.0 29.0 11.1 1.8 5.2 
LO.0 13.0 29.0 14.2 2.4 6.9 
Supervisory Relay 
23.0 8.0 11.5 9.1 bt 4,2 
60.0 12.0 26.5 
33.0 13.0 27.0 10.5 il 47 
49.0 19.0 28.0 305.0 85.0 175.0 
25.0 7.0 11.0 8.5 1.0 3.5 
21.0 10.0 14.5 5.6 eh 3.2 
99.0 13.0 29.0 8.5 1.0 B25 
18.0 8.0 14.0 10.7 Le 5.2 
35.0 14.0 18.5 14.0 2.7 6.7 
Supervisory Relay 
e2h.o 8.2 13.4 10.1 1.4 4.6 
Supervisory Relay | 
7.9 3.6 5.6 pisces 1.8 5.2 
7.9 3.3 5.4 11.5 1.2 7.0 
25.0 3.8 13.0 10.5 1.5 4.8 
30.5 3.8 13..0 8.5 1.0 3.5 
30.0 3.8 13.0 9.1 1.3 4,2 
12.0 5.1 8.3 10.1 1.4 4.6 
28.0 8.0 12.0 11.1 1.5 5.90 
5 ; pp a5 5.3 
$18 4.0 10.0 nia .8 5.2 
3 = - ees. 1.8 3.0 
Supervisory Relay 
8.3 WAS 6.4 19.0 3.1 8.9 
19.0 7.0 LL.O 12.0 1.9 De 
Supervisory Relay 
29.0 10.0 14.0 190.0 15.0 84.0 
25.0 10.0 18.0 12.4 2.0 5.9 
7.9 3.3 5.4 10. 1.7 7 
6.1 2.7 K3 11.1 1.8 5.2 
27.0 10.0 18.0 9.1 1.3 U2 


* In series with 90-ohm noninductive resistance 


+ 24-volt operation 


Nov 1967 


TI-43 


CODE INFORMATION 

Code Res 
AJ108 9100 
109 PLOO 
$1100 
110 P200 
8200 
111 500 
112 950 
113 P5000 
$1000 
114 P2.7 
8690 
115 Pes 
S4e5 
116 P1LOOO 
$2700 
117 180 
118 220 
119 220 
120 P1000 
S2700 

121 

122 P700 
8700 
123 1625 
124, Ad 
125 2500 
126 P300 
8300 
127 1625 
128 1625 
129 6000 
130 1625 
131 700 
132 PHLS5 
S415 
T900 
133 P425 
S425 
134 P100 
S100 
135 PHOO 
s4oo 
136 P200 
$200 
137 200* 
138 P4.OO 
S4oo 
139 500 
140 P200 
$200 
141 P210 
$1000 
142 P800 
S880 
143 PLOO 
3100 


* 2u-vyolt operation 


TI-44, 


TABLE II-6 (Cont) 


OPERATE AND RELEASE TIMES 


AJ RELAYS 


OPERATE TIMES 
Yu. o 13.0 33.0 
27.0 8.4 15.5 
Supervisory Relay 
20.0 4.2 13.0 
elo 6.2 L765 
95.0 11.5 27.0 
22.5 5.6 9.7 
8.2 4.0 6.0 
Supervisory Relay 
26.0 9.2 13.7 
60.0 15.0 24.0 
8.3 WAS 6.4 
Ring Trip Relay 
Ring Trip Relay 
23.0 8.0 11.5 
60.0 12.0 26.5 
14.6 6.4, 10.2 
14.8 6.6 10.4 
48.5 14.0 30.5 
61.0 13.0 33.0 
g.4 4.0 6.5 
9.8 4.2 6.8 
Kou 13.0 26.4 
4.0.4 13.0 26.4 
69.0 15.0 29.0 
37.8 Dite5 18.0 
10.7 4,3 7.2 
Supervisory Relay 
Supervisory Relay 
Supervisory Relay 
Supervisory Relay 
Supervisory Relay 
26.4 8.4 16.0 
Supervisory Relay 
25.0 iO: 11.0 
Supervisory Relay 
16.1 8.0 11.9 
e4.5 15.0 21.0 
23.6 12.0 16.5 
Supervisory Relay 
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CODE INFORMATION 


TABLE II-6 (Cont) 


CODE INFORMATION 


AJ RELAYS 
Spg OPERATE TIMES RELEASE TIMES 
Code Res Comio . Max Min Avg. Max Min Avg. 
AJ200 500 500 11.3 5.8 8.5 8.1 1.0 3.4 
201 
202 700 500 10.0 5.0 Ti3 8.1 1.0 3.4 
203 275 500 9.9 5.3 7.6 8.1 1.0 3.4 
20h P700 TI, 5.6 8.2 - - - 
$700 500 11.1 5.6 8.2 8.1 1.0 3.4 
205 700 501 22.0 5.1 11.5 11.0 1.0 3.7 
500 950 226 4.0.0 10.0 18.0 9.1 1.3 2 
5OL 700 alg 12.0 5.1 8.3 8.5 1.0 3.5 
502 700 234 12.0 5.1 8.3 9.1 1.3 2 
503 270 2hg 7.9 3.6 5.6 8.5 1.0 3.5 
5O4 2200 57 66.5 eh .o 38.5 58.0 14.0 33.0 
505 16* 36 een 2.2 3.3 Ta. 2.4 6.7 
506 16* 267 6.1 2.7 W3 14.2 2.4 6.9 
507 270 el 6.1 3.3 4.7 Ad 1.2 2.6 
508 16* 19 Wd 2.2 3.3 12.44 2.0 5.9 
509 700 235 13.2 5.6 9.1 10.5 1.5 4.8 
510 P2.7 39 
$690 19.2 4.8 8.6 11.5 1.8 5.2 
511 P700 206 16.5 7.4 10.1 11.5 1.7 5.3 
$700 17.5 7.4 10.1 - ~- - 
512 270 64. 5.6 2.8 4.2 8.1 1.0 3.4 
513 270 Ki 9.9 KL 6.7 8.0 120 3.3 
514 P700 227 23.0 5.6 9.4 9.0 1.2 W..0 
$700 ah.o 5.6 9.4 - - - 
515 275 63 9 5.3 7.6 Awd 1.2 2.6 
mes 05 700 299 12.0 5.1 8.3 8.5 1:0 3.5 
Q 517 P700 318 13.4 5.8 9.3 10.1 1.4 W6 
rn $3300 53.0 13.0 34.0 - - - 
' 518 P700 2h9 14.3 6.3 10.0 7H 1.0 3.5 
bd $700 14.6 6.4 10.2 - - - 
519 P16* 10 3.9 2.0 2.9 15.3 3.2 9.1 
S16* 4.0 2.0 3.0 - - - 
520 395 336 21.5 5.2 8.4 8.5 10 3.6 
5e1 P390 268 7.2 3.6 5.3 8.6 1.2 4 i 
$390 7.0 3.5 5.2 - - - 
AJ700 270 500 6.2 3.1 1.6 Bel 1.0 3.4 
7O1 
702 700 500 10.0 5.0 7.3 8.1 LO 3.4 
703 P390 500 7.2 3.6 5.3 5.6 1.0 2.8 
$390 7.0 3.5 5.2 - - - 


* In series with 90-ohm noninductive resistance 


Nov 1967 -I5 


CODE INFORMATION 


OPERATE AND RELEASE TIMES 


AG RELAYS 
OPERATE TIMES RELEASE TIMES 
spe 
Code Res. Comb . Max. Min Avg Max Min 
AGL 1050 358 64.0 10.5 29.0 4Ye5 90 
2 80,28 1050 36B 62.0 10.5 29.0 475 2s 
3 1050 233B B45 18.0 45.5 ATS 95 
4 1050 39B 62.0 10.5 29.0 540 295 
5 
6 2200 239B 59.0 12.0 33.5 95 37 
7 1050 24.13 8L.5 15.5 A5 5 365 55 
8 2000 ALB 61.5 11.0 320.0 390 go 
9 1625 2U6B 37.0 10.0 23.0 22 5 
10 875 35B 26.5 6.2 14.5 100 ye 
Ta. 1050 233 84.5 15.5 45.5 830 225 
12 1625 38B 28.5 6.0 15.5 26 9 
13 2200 hoes 63.5 18.0 45.5 235 0 
14 P-4.00 * HOB 9.8 3.5 6.8 137* 85% 
S-210 F 3M, 28 
15 600 ~ 221 4.0.0 10.0 23.0 512 47 
16 1050 233B B45 15.5 Yd 5 L75 225 
17 2200 2718 68.0 13.5 43.5 150 55 
18 2000 48B 62.5 10.0 32.5 320 14.2 
19 1050 1.O5B "100.0 19.0 57.5 500 250 
20 2000 262B 95.0 15.0 50.0 260 03 
21 ga) P-450° |. 282B 8.6 4.6 6.6 267* 136* 
8-57 § 3 
22 P-450} . 6.7 a5 oes 288* 144 
8-575 ° 
2 1625 28.5 10.0 23.0 22 6.5 
2 1050 68.0 10.5 29.0 620 300 
AyD) 
26 70.0 12.0 32.0 400 187 
7 206* 103* 
28 45.0 10.0 21.5 145 61 
2g 47.0 12.0 28.5 235 90 
30 20.5 70 21.0 Le 7 
321 7.0 3.5 5.3 160* 95* 
32 23.0 7.8 12.0 13.5 3.7 
57.0 10.0 25.0 
33 37.0 8.0 19.0 95 ure) 
34. B45 15.5 45.5 395 175 
3m 4 9.8 3.5 6.8 137% 85* 
36 39.5 10.0 23.0 280 150 
37 8.6 4.6 6.6 OT 5* 130% 
38 8.6 4.6 6.6 210* 96* 
39 23.0 7.0 12.0 14 4.5 
57.0 10.0 25.0 
LO 30.0 8.0 18.0 20 8 
AL 95.0 15.0 50.0 235 120 
he 37.0 8.0 19.0 175 Ae! 


* With secondary winding short-circuited 
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CODE INFORMATION 


OPERATE AND RELEASE TIMES 


OPERATE TIMES RELEASE TIMES 
Code Max Min Avg Max Min 
AGH3 75.0 11.0 29.0 360 LAS 
4d 24.0 6.6 18.0 250* 95* 
Ts 45.0 8.5 20.5 85 UX) 
6 LO 5.6 8.6 
34.0 7.2 16.8 16 4, 
AW? gas 8.6 4.6 6.6 275% 130% 
KB 95.0 15.0 50.0 250 105 
HQ seay ee, 2055 BAT 8.0 195* 95* 
50 68.0 13.5 43.5 5 AS 
51 45.5 9.0 35.0 19 6.5 
52 13.7 6.1 9.6 13 
50.5 11.0 30.0 
53 yey 8.6 16 6.6 195* 57% 
Be 7 - 17 7 
37.0 8.5 20.0 
55 6v 15.0 5.0 9.3 307* 136* 
56 ey 12.9 5.2 8.7 205* Tye 
BOE NET Pes 2 AMER 
57 , “66.0 13.5 43.5 100 40 
58 12.1 6.0 9.0 17 11 
12.2 6.1 9.1 
on 59 39.5 9.6 14.0 180 115 
m 45.5 10.7 16.0 
60 88.5 18.0 43.0 320 168 
ne 61 85.5 16.8 32.0 330 135 


* With secondary winding short-circuited 
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¢ 24-volt operation. 
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+ Has copper sleeve and domed armature. 
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SECT 


ON IIT 


SPRINGS 


General 


This section on spring combinations 
deals with: 


Armature Travels 
Core Plate 

Contact Arrangements 
Actuating Cards 
Contact Forces 
Contact Sequences 
Spring Combination Numbers 
Balancing Springs 
Buffer Springs 
Terminals 

Terminal Numbering 


The AF, AG, AJ, and AL relays are 
designed to provide single-wire contacts in 
12 positions with provision for a make twin- 
wire contact and a break twin-wire contact 
in each or any of the 12 positions. The AK 
and AM relays have single-wire contacts in 
ten positions with provision for a make 
twin-wire contact and a break twin-wire 
contact in each or any of the ten positions. 
The twin wires farthest from the core form 
make-contacts, and those nearest the core 
form break-contacts. The twin wires are 
held in alignment with the single wires by 
grooves molded in the single-wire comb near 
the front end. Twin wires are provided only 
as required by the spring combination. 


The twin wires are actuated by means 
of a moving card that is held against the 
armature by the tension of a flat balancing 
spring. 


The single wires, molded in the middle 
block, are at all times stationary, being 
molded into fixed blocks at the front and 
rear end. A full complement of pretensioned 
single wires is always supplied. This 
facilitates terminal numbering and provides 
sufficient tension to hold the fixed block 
against the core plate, and prevents false 
closures Or openings of contacts during 
relay operation or removal of the contact 
cover cap. Contact metal is provided only 
where make or break combinations are 
furnished. 


The twin wires that form the make- 
contacts are tensioned against the outer 
edge of the moving card and toward the 
Single mating contacts and the core. This 
tension tends to close the make-contacts and 
to move the armature towards the core. The 
balancing spring, however, which is also 
tensioned against the moving card at the 
outer edge, but away from the single con- 
tacts and the core, provides the armature 
back tension and a force to counteract the 
tension of the twin wires. Thus, the 
make-contacts and armature are held in the 
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unoperated position. As the relay operates, 
the armature pulls the moving card in the 
direction of the core, thereby permitting 
the twin-wire contacts to make contact with 
the single mating contacts. After the con- 
tacts make, the tension of the twin wire is 
transferred from the moving card, or arma- 
ture, to the mating contact. 


In the unoperated position, the break- 
contacts are tensioned, by the formation of 
the twin wires, against the single mating 
contacts. The twin wires are held away from 
the moving card. As the relay operates, the 
card moves forward and lifts the twin wires 
off the single wires. Slightly after this 
pickup point, the back tension of the break- 
contacts is transferred to the moving card, 
thereby increasing the load on the armature. 


The AF, AG, AJ, and AL relays are 
designed to permit operating contacts in 
three stages, le, preliminary-, early-, and 
Tate-contact operation. The point in the 
armature stroke at which contacts are actu- 
ated is controlled by the cutting of the 
moving card. Using the card designed for 12 
makes or 12 breaks as a base, the surfaces of 
the card in positions used for early and pre- 
liminary make-contacts are recessed 0.013 
inch and 0.026 inch, respectively. The sur- 
faces of the card in positions used for 
early and preliminary break-contacts are 
extended 0.013 inch and 0.026 inch, respec- 
tively. (See Fig. III-1.) 


An AJ relay has been designed to pro- 
vide single-wire contacts in 24 positions 
with 24 make-or 24 break-twin-wire contacts 
provided in each of the 24 positions. These 
positions are arranged in two vertical rows 
of 12 positions each. The contacts farthest 
from the core are positions 1 to le and 
those nearest the core are positions 13 to 
24, The. positions in each row are numbered 
from bottom to top. 


The construction and actuation of the 
single and twin wires are the same as for 
the lé-position relays; however, in assem- 
bling these relays, a new clamping plate, 
core plate, and actuating card are required. 


The AK and AM relays contact action is 
like that of the AF relay except that only 
two stages of contact operation, early and 
late, are used. 


Armature Travels - Core Plate (See Fig. I-9) 


The stop-disc height and the core-plate 
dimensions primarily determine the armature 
travel. In general, single-stage (non- 
sequence contact) relays have short travel 
(0.026 inch 40.005 inch), 2-stage (sequence 
contact) relays have intermediate travel 
(0.044 inch £0.005 inch), and 3-stage 
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(preliminary contact) relays have long 
travel (0.060 inch +£0.005 inch). Some 
marginal or sensitive relays may have a com- 
bination of stop disc and core plate that 
provides a travel differing from the standard 
travel. Armature travels will not be shown 
in the Circuit Requirements Table- 


A lip, formed as a part of the core 
plate, which is rigidly attached to the core, 
serves as a backstop for the armature, 


Contact Arrangements 


By proper selection of the actuating 
card and single- and twin-wire blocks, the 
more common contact arrangements shown 
pelow may be obtained. 


M - Make 

B - Break 

M - Harly Make 
B - Harly Break 

M - Break-Make (nonsequence 
transfer) 

EBM - Early Break-Make (sequence 
transfer) 

EMB - Early Make-Break (continuity) 
PM - Preliminary Make 

PB - Preliminary Break 

PMEB - Preliminary Make - Early Break 
preliminary continuity with 
respect to late contacts) 

PBEM ~ Preliminary Break - Early Make 
preliminary transfer with 
respect to late contacts) 


If all possible combinations of the 
above were made available, an excessive 
number of twin-wire blocks and cards would 
be necessary. To keep the cost of these 
relays to a minimum, the number of twin- 
wire blocks and actuating cards is restricted 
to that which will provide the greatest 
number of combinations normally used in 
service. For the same reason, relays are 
frequently recommended with more contacts 
than required for a particular application. 


Actuating Cards 


Actuating cards for the 12-position 
relays have been designed to operate various 
contact arrangements in positions 1 to le as 
shown in Table IIiI-la. Additional cards 
may be necessary for special spring combina- 
tions that may be requested in the future. 
These cards are removable and may be re- 
placed without dismounting the relay. The 
actuating cards for the 10-position AK and 
AM relays are also shown in Table III-1lb. 


The actuating cards for the 24-spring 
relays are designed to provide only 24 make- 
contacts, or 24 break-contacts. 


Contact Forces 


The twin wires that form make- and 
break-contacts are pretensioned to provide 
nominal 12.5-gram contact force for each 


OPERATE DIRECTION 


Fig. ITI-1 - Card Profile 


contact pair. For special cases, the twin 
wires may be pretensioned to provide nominal 
8-gram contact force (light contact force) 
or nominal 18-grams contact force (heavy 
contact force). 


Contact Sequences 


Where the EBM or PBEM contacts are 
used, the break-contacts will always open 
before their associated make-contacts close. 
Where the EMB or PMEB contacts are used, the 
make-contacts will close before their associ- 
ated break contacts Open. 


Where circuit races are involved 
between contacts in different positions, it 
can be assumed that ordinarily all prelimi- 
nary contacts function before the early con- 
tacts, and all early contacts function 
before all late contacts. These sequences 
are guaranteed by the M specification or 
readjust gauging requirements, but not by 
the test gauging requirements, or after a 
few milli-inches of adverse contact wear. 
The probability of the nonsequential con- 
tact action is low, and when it does occur, 
the false closure or open time will be small. 
For critical circuits, where the sequence 
must be maintained to insure satisfactory 
performance, it is recommended that a special 
note be added to the Circuit Requirements 
Table. Consult the relay requirements group 
on these critical conditions, only when 
different spring positions are involved. 
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TABLE III-la 
CARDS 
AF, AG, AJ, AND AL RELAYS 
Contact Arrangements 
Contact Position Number 
Travel uy 2 3 4 5 6 7 8 9g 10 11 12 
Short M M M M M M M M 
P=. gA130 B B B B B B B B B B B B 
Intermediate M M M M M M M 
P-19A131 B EB B EB B EB B EB B EB B EB 
Intermediate M M M M EM M M M M EM 
P-19A132 B EB B EB B B B EB B EB B B 
Long M EM M PM M M EM PM M M EM 
P-19A133 B PB B EB B EB B B EB EB B PB 
Intermediate M M M M M M M M M M M 
P-19A134 EB EB EB EB EB EB EB EB EB EB EB EB 
Intermediate M M M E EM OM E M M M M 
P-1.9A135 EB EB EB EB B B EB B EB EB EB EB 
Intermediate EM EM OM M M M M EM M EM M 
P-19A136 B EB B EB B EB B EB B EB B EB 
Intermediate EM M EM M EM M EM EM M EM M 
P-19A137 B EB B EB B EB B EB B EB B EB 
TABLE III-1b 
CARDS 
AK AND AM RELAYS 

ob 2 5. is 8 2 10 ik ie 
Short M M M M M 
P-LOB7OL B B B B B 
Short M M M M M 
P~1LOB702 B B B B B 
Intermediate M M M EM EM 
P-10B699 EB EB EB B 
Intermediate EM EM M M M 
P-1OB7 00 B B EB EB EB 
Intermediate M M EM EM EM 
P-1LOB703 EB EB B B B 
Intermediate EM EM EM M 
P-1OB7 04. B B B EB EB 
Intermediate M 
P-10B705 EB EB EB EB EB 
Intermediate M M M M 
P~10B706 EB EB EB EB EB 
Spring Combination Numbers without @ new actuating card. This permits 

the shop to speed up production by arranging 

AF, AG, Ad, and AL Relays the contact welders to skip the odd-numbered 


Spring combination numbers from 1 to 
199 are assigned to single-stage (short 
travel) relays; 200 to 399 to 2-stage (inter- 
mediate travel) relays; and 400 to 499 to 
3-stage (long travel) relays. Spring combin- 
ation No. 500 has been assigned to 24 make- 
contacts, and No. 501 to 24 break-contacts. 


The spring combination numbers. that 
have been assigned to date are given in 
Tables I-2, III-3, and III-4, which also 
indicate the positions in which the various 
contact arrangements are located. 


On relays with six or fewer positions 
used, the springs should be located in the 


even-numbered positions if it can be done 
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positions. 


Where a relay is to be furnished with 
a buffer spring, the spring combination 
number will be followed by a letter "B". 


AK and AM Relays 


Spring combination numbers from 1 to 
199 are assigned to single-stage (short 
travel) relays and 200 to 399, to 2-stage 
(intermediate travel) relays. Since the 
twin-wire combs for the top and bottom parts 
of the AK and AM relays are molded as one 
unit, the spring combination number assigned 
to a relay includes the springs in both the 
top and bottom relay units. 
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The spring combination numbers that 
have been assigned to date are given in 
Tables III-5 and III-6, which also indicate 
the positions in which the various contact 
arrangements are located. Positions 1 to 5 
are the bottom relay unit and 8 to 12 the 
top relay unit. 


Balance Springs 


The balance spring used in any particu- 
lar relay will depend upon the number of make- 
contacts on the relay, its armature travel, 
and whether the relay is required to meet 
marginal conditions. The proper selection 

of balance springs is described in Section IX. 
I-16) 

A removable U-shaped buffer spring is 
available; it may be attached to the AF, AG, 
AJ, and AL relays to provide an additional 
load on the armature'to the operated position 
in order to obtain a high percentage release 
requirement, or to meet a specified maximum 
releasing time. : 


Buffer Spring (See Fig. 


The pretensioned buffer spring is posi- 
tioned between the spooihead and outer legs 
of the core with a lip resting against the 
center leg of the core between the core plate 
and card. An adjustable tang, adjacent to 
the lip, controls the point at which the card 
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engages the buffer spring as the relay oper- 
ates. The tension of the spring is control- 
led by changing the offset in the spring. 


Terminals and Terminal Numbering 


For test purposes, the winding termi- 
nals are extended to the front of the relay. 
The terminals for wiring are shaped to per- 
mit the use of solderless wrapped connec- 
tions. The numbering for winding and con- 
tact terminals is shown in Fig. II1I-2 for 
the AF, AG, AJ, and AL relays and in Fig. 
TTt-3 for the AK and AM relays. 


Spring Combinations 


In the circuit schematics, the wire 
spring relays are numbered by spring posi- 
tions and not individuel spring numbers. As 
an example, an EBM in position 3 would be 
shown simply as 3 in the detached contact 
schematics and as EBM 3 in the attached 
contact schematics. Fig. III-4 shows the 
way the springs are shown on the attached 
contact schematics. When referring to a 
particular contact, as for purposes of insu- 
lating a contact of an EBM combination, 
the M or B designation should be used. 
Insulate 3B would thus mean insulate the 
break-contact in position 3. 
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SINGLE CONTACT WIRES 


72 98 
9 
7 6B 
8 


B68 
7G 58 
Ge 
aa 38 
2M iy 26 


TWIN CONTACT WIRES 


WINDING AND CONTACT SPRING ARRANGEMENT 
AS VIEWED FROM THE FRONT (GONTACT SIDE) 
12-POSITION AF, AG, AJ, AND AL RELAYS. 


——7— SINGLE CONTACT WIRES 


12M 20 24mM20) 
12 24 
11M 30 23M:0 
I 23 
JOM: 22M3 
10 5 
9M3O 2iMs 
“eee 
8M:D 20M; 
8 20 


TMi) aed 


6M 30 18Mi0 
6 . 8 
5MiQ0 17MS0 
5 IT 


4mM30 '6M°30 
4 16 


TWIN CONTACT WIRES 


WINDING AND CONTACT SPRING ARRANGEMENT 
AS VIEWED FROM THE FRONT (CONTACT SIDE) 
24-POSITION AJ RELAYS. THE 24-MAKE _ 
TYPE 1S SHOWN; THE 24-BREAK TYPE [IS 
NUMBERED IN THE SAME PATTERN. 


SPRINGS 


WINDING AND TERMINAL ARRANGEMENT AS 
VIEWEO FROM THE REAR (TERMINAL SIDE) 
12- POSITION AF, AG, AJ, AND AL RELAYS, 


WINDING AND TERMINAL ARRANGEMENT AS 
VIEWED FROM THE REAR (TERMINAL SIDE) 
24-POSITION Au RELAYS. THE 24- MAKE 
TYPE tS SHOWN; THE 24-BREAK TYPE IS 
NUMBERED IN THE SAME PATTERN. 


Fig. ITit-2 - AF, AG, AJ, and AL Relays - Terminal Arrangements 
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y SINGLE CONTACT WIRES 


12M $C] 
le 
LIMES CB 


1omM 370 
10 


9M 3 9B 
8M 303 8B 
8 


TWIN CONTACT WIRES 


WINDING AND CONTACT SPRING ARRANGEMENT WINDING AND TERMINAL ARRANGEMENT AS 
AS VIEWED FROM THE FRONT (CONTACT SIDE) VIEWED FROM THE REAR (TERMINAL SIDE ) 


Fig, IITI-3 - AK and AM Relays - Terminal Arrangements 


Notes 


1. Symbol illustrated is for 
AF28 relay. 


2. If relay contacts are all of 
same arrangement (all makes, 
etc), omit the abbreviation 
(M, etc) from the symbol and 
add a note adjacent to the 
core as follows: 


All contacts are M (etc). 


Fig. III-4 - Symbol for Use on Attached-Contact Type Schematic 
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TABLE III-2 (Cont) 


SPRING COMBINATIONS 
AF, AG, AJ, AND AL RELAYS. 


Spring 

Combinations Positions 
Comb 
No. M 3B BM aE 2 3 4 5 6 ‘a isk 9 10 il 12 
51 | ns a M - M B BM B M M 
52 i 42 - - - = - - M - - B - - 
53 - 1 - - - - - - B - 2 - - - - 
54 2 1 2 - B - M - BM ~ BM ~ M - - 
55 2 1 1 - - - M - BM - M - B - - 
56 2 3 1 - B - M - BM - M - B - B 
57 3 21 BM M BM M BM B BM - BM M BM - 
58 l 2 21 - BM - - - - - B - M - B 
59 - 6 6 B BM B BM B BM B BM B BM B BM 
60 - 7 BM - BM - BM BM BM - BM - BM 
61 10 - 2 M M M M B BM M M M 
62 5 - 4 M M M BM - B - BM - BM M 
63 8 - 4 M M M BM M BM M BM M BM M 
64. - - 12 BM BM BM BM BM B BM BM BM BM BM BM 
65 5 - il - M - M - BM - M - M - M 
66 7 1 - M - M - M B M - M - M 
67 4 2 - - M - M - B - B - M - M 
68 6 3 - - M - M M B M B M - M 
69 - 1 8 - - - BM - BM - BM - B - - 
70 - - 8 BM BM - BM - BM - BM - BM BM BM 
71 Ao - - M M - B - M - M - - 
72 Boe 1 - M - M B BM B M M - - 
73 6 1 21 M M - M - BM B M - M - M 
7H 1 - 2 - - - M - BM - BM - - - - 
75 2 1 - M M - - - - - - - - B 
76 Ot Mes es - M - M BM. B BM - M - - 
77 4 - 8 BM BM M BM M BM M BM M BM BM BM 
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TABLE TIT-4 


SPRING ‘COMBINATIONS 
AF, AG, AJ, AND AL RELAYS 


Spring Combinations Positions 
Comb ; 
No. M BBM EBM EMB PM PB Others 1 2 3 4 5 6 67 8. 7G: 10. A, 12 
Koo 1 2 - 1 1 1 - - - - PM 3B EBM B  EMB - M -  - 
Hol 1 - - @ - @ = - - M PM EBM - - PM EBM -— - 
402 - = - 2 - 1 = - - = - PM EBM - - = EBM - - 
4030 = - 2 1 - 2EM - EM - PM 3B EBM B  EMB - EBM - EM 
4O5 = - = 1 - = = PBEM - PBEM - - - - - = EBM - - 
406 = 3 2 1 - 22M - EM B mM 3B 8BM B EMB - EBM - EM 
4O7 = 2 ] 1 - - 1PBE B EM B - BM EBM - EMB - -  - PBE 
LE 
408 - = 3 2 1. - = 2PMEB - EM BM PMEB BM EBM BM EMB PMEB EBM -~ - 
LEM 
4o9 1 3 - J 1 - - - PM B EBM B  =EMB - Me - 
410 3 1 - J - 1 i1PBEM M PBEM - B EBM - EMB - M M B 
4J2 - 3 2 2 - - EM BM EM B IM B EBM B EM - EBM BM - 
4WWeB =e ee CULL OR PBEM - PBEM - - - - = EMB - -  - PBE 
41300 1  - LEM 2PMEB PBEM M  PMEB B M 3B  EMB PMEB M BM EM 
1 PBEM 
Wi = - 5 2 1 - = 2PBEM BM PBEM BM PMEB BM EBM BM B PMEB EBM BM PBE 
2PMEB 
415 - = 2 2 1 - - 2PBEM BM PBEM BM - - EBM - EMB - EBM - PBEM 
416 2 2 - 2 1 - 1EM M EM - PM 8B EBM B EMB - EBM M - 
sy a 1EB M PB M - M EBM M - EM EB M_ PB 
4i8 Lt - 2 2 - - 3EM M EM BM PM - EBM - EM - EBM BM EM 
wWi9gQ 2 2 = 2 |. = = IPBEM M PBEM - PMEB B EBM B EMB - EBM M~ - 
1LPMEB 
420 1 5 - 1 - 1 = 3EM B EM B PM 3B EBM B EM - M 3B EM 
422 1 3 - 1 2 1 - 1k - EM B FM B EBM B- EMB - Mo- - 
yee 2 5 - 1 - 1 - LPMEB B EM B MM B EBM B EM PMEB M B- EM 
3EM 
423005 - =~ J - 1 21EM,1EB M FB M - M EBM M EM PM EB M_ BB 
Hoh 6. 2 lh eh CR OL PBEM M PBEM - PMEB B EBM B EMB - EBM BM - 
LPMEB 
we5 2 1 - 2 - - JEMPB M - B - M EBM - EMB - EBM -  EMPB 
CORRE 2, eRe ee A eT eee eee Make in 24 positions 
501 = ee ; kin Op 
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General 


The primary heating considerations in 
the design of the coils for switching appar- 
atus are: effects of temperature under nor- 
mal operating conditions and effects of 
temperature under trouble conditions. 


Normal heating is the condition im- 
posed on the coil, with respect to the 
wattage and duration of energization, when 
the circuit in which the coil is used is 
funetioning in a normal manner. 


Trouble heating is the condition to 
which the coil is subjected when the cir- 
euit ceases to function normally. Trouble 
condition may result from a continuous appli- 
cation of voltage (which normally is applied 
intermittently), or from a short circuit, 
cross, or false ground that causes a higher 
voltage than normal to be impressed on the 
coil. It is assumed that any increase in 
temperature above the normal operating 
temperature limit, whether caused by circuit 
failures or by maintenance activity, consti- 
tutes trouble heating. It is not guaranteed 
that apparatus that has been subjected to 
a trouble condition will function satisfac- 
torily thereafter. The coll, however, must 
withstand the trouble heating without creat- 
ing a fire hazard. A coil meeting this 
trouble condition is said to be self-protect- 
ing. 2 


Normal Operating Temperature Limits . 


Normal operating temperature limits 
Dare based on four factors: 
ray 
‘N 1, The ability of the coil to withstand 
oh the operating temperature for extended 
periods of continuous or intermittent 
operation without impairment of the 
electrical performance throughout the 
life of the relay. 


2, The ability of other parts of the 
structure, such as separators and in- 


of the type of wire insulation. Ina few 
special cases, after consideration of the 
factors involved, temperatures in excess of 
225° F have been permitted. 


The normal heating is computed on 
the basis of the maximum initial watts and 
the maximum holding time per call, or the 
average holding time per busy hour, which- 
ever is the greater. 


Trouble Temperature Limits 


The temperature of a magnet winding, 
placed across a battery, will rise by an 
ount depending on the values of the volt- 
ge and resistance and the heat dissipation 
haracteristics of the magnet. The temper- 
ture of the winding will continue to rise 
ntil the point is reached where the power 
btained from the battery is in equilibrium 
ith the heat dissipated by the winding. 
he condition will stabilize at some ele- 
ated temperature provided this temperature 
s not high enough to cause a breakdown of 
he wire insulation. If this occurs, turns 
will become short-circuited, the magnet 
resistance will be lowered, more current 
will be drawn from the battery, and the 
temperature will rise further. Once started, 
the complete breakdown of the coil will 
proceed very rapidly, and during the period - 
of disintegration, a very high temperature 
that may cause the magnet to become a 
fire hazard will be reached. Such a fire 
hazard can be avoided by insuring that the 
maximum temperature of the winding will 
never exceed that at which the wire insula- 
tion breaks down. 


oscvan mp 


thd Qe 


Various types of insulation have dif- 
ferent heat-resisting properties, and these 
characteristics are controlling in the 
establishment of trouble temperature limits. 
The trouble temperature limits for a partic- 
ular type of wire insulation were determined 
by energizing coils with various amounts of 


sulators, to withstand the temperatur 
imposed without the adjustment being 
affected adversely. 


3. The possibility of injuries to person- 
nel from bodily contact. 


4, The possibility of contamination of 
apparatus and contacts by the volatile 
substances emitted. 


A normal mean winding temperature 
limit of 225° F has been in effect since 
1919; relays and switching apparatus gen- 
erally have been designed to withstand an 
average operating temperature of the coil 
of 225°R Since, under conditions of nor- 
mal operation, all the foregoing consider- 
ations are controlling, the normal operating 
temperature limit was established irrespective 
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energy corresponding to predetermined wind- 
ing temperatures. A coil failure was de- 
tected by measurements of the inductance at 
1000 cycles. The inductance at such fre- 
quency shows a marked change with only a 

few short-circuited turns. Table IV-1 

shows the temperature limits that have been 
established for the various wire insulations. 


Indefinite and 48-Hour Trouble Heating Limits 


When the trouble temperature limits 
were established in 1919, the limit for 
each type of insulated wire was set on the 
pasis of the temperature that the coil would 
withstand satisfactorily for an indefinite 
period. In 1941, it was considered advisable 
to inelude in the limits the temperature at 
which coils with enameled wire might be ex- 
pected to function for a limited period 


Evel 


HEATING DATA 


without becoming a fire hazard. Accordingly, 
a restricted temperature limit of 360° F, 
for cellulose-acetate-filled coils wound 
with thin-enameled wire per MS58364 was 
adopted. It was stipulated that this limit 
applied only where trouble conditions would 
not occur, or recur, for a cumulative total 
of more than 48 hours during the 40-year 
life of the relay. The 360° F temperature 
limit can be used only in circuit applica- 
tions where it is feasible to administer 
the use of the coils to guarantee that 

trouble conditions would be detected within 
a very short time. Since a fire hazard 
might be involved in operating coils wound 

with MS58364 wire at 360° F for a cumulative 


dependent on both the duty cycle and the 
total cycle. The duty cycle cannot always 
be applied, but approximate limits have 
been established for which the duty cycle 
may be applied. Tests have shown that for 
circuits like the marker, where the total 
cycle is approximately 1 second or for 
intervals up to 1 minute with equal 

Ton" and "off" periods, the duty cycle 

may be applied. 


The maximum temperature to which the 


. coil will rise is not the temperature that 


the coil would attain if energized contin- 
uously with the same initial wattage; there- 
fore, with intermittent operation, an 


time longer than 48 hours, the 250° F limit 
was retained for trouble heating periods 
of indefinite duration. 


Maintenance Heating 


It is a common practice, during in- 


stallation and maintenance testing and trouble 


shooting, to block a circuit so that some 
relays are held energized for long periods 
of time. The heating under this condition 
should not exceed the normal limit if 
satisfactory performance is required sub- 
sequent to such maintenance activity. In 
a few special cases, such as the 270- and 
400-ohm coils, where speed of operation 

is important, and after consideration of 

the factors involved, temperatures in excess 
of the normal limit have been permitted. 
While it is expected that no great risk is 
being taken with these two coils, based on 
experience with the 400-ohm U relay coil, 

it is not considered expedient to extend 

the maintenance heating limit above 225° FB 
until more information has been obtained. 


Intermittent Heating 


With respect to the way they are used 
in circuits, relays may be divided into 
two general groups: those energized during 
conversation, and those energized as the 
call is being established, 


The first group of relays has coils 
that must meet the normal heating limit 
when energized continuously. 


The second group of relays is ener- 
gized for times varying from fractions of 
a second to several seconds on a call and 
is then de-energized until the circuit is 
again seized on another call. The magnets 
are thus subjected to alternate periods of 
heating and cooling, generally called inter- 
mittent operation, With intermittent opera- 
tion, the magnet temperature will rise during 
the heating, or "on" period, and drop during 
the cooling, or "off" period. 


The percentage of the "on" pertod to 
the total period is called the percent time 
“energized, or duty cycle. The ultimate 
coil temperature that will be attained is 


Ty-2 


initial wattage higher than that which would 
cause a rise in temperature to the normal 
limit of 225° F, with the magnet energized 
continuously, may be allowed. 


The temperature rise, where the duty 
cycle is applicable, is based on a wattage 
equal to the initial wattage times the duty 


cycle. The allowable initial intermittent 
watts (W,) is found from 
W- = Wo a where Wo is the continuous 


watts, a is the "on" interval, and b the 
"off" interval. This method permits reason- 
ably close results for short intervals in 
the order of 1 second with any duty cycle, 
or 1 minute with 15-percent duty cycle, 

but introduces a substantial error for 
50-percent duty cycles in the order of 3 
minutes. 


Thermal Conductance 


Most magnet coils are wound with 
copper wire which increases in resistance 
as its temperature is raised. Unless the 
energy supplied to the magnet is manipu- 
lated so as to. remain constant as the 
temperature rises, there will be a change 
in energy consumption as the coil grows 
hotter. The temperature to which 4 mag- 
net will rise bears a definite relationship 
to the electrical energy with which it is 
supplied. The quantity of heat which may 
be stored in a body is measured by its mass, 
its specific heat, and its increase in 
temperature. 


Heat flows away from a coil princi- 
pally through the core, by conduction, and 
through the outer surface of the coil by 
convection and radiation. The flow of ther- 
mal energy from a body resulting from its 
being at a higher temperature than its 
surroundings, and the energy lost by radi- 
ation to surrounding bodies depends on the 
thermal conductivity and dimensions of 
the body, and may be termed the thermal 
conductance. 


The thermal conductance will depend 
on the conductivity of heat through the care, 
the area of the winding adjacent to the core, 
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and the outside area of the coil. An empir- 
ical equation expressing this relationship 

‘ 1 

is p =P, + Py = K, Ag =) 


el + i 


where p = total thermal conductance 


Pa = thermal conductance to the air 


Po = thermal conductance to the core 

Ka = coefficient for conductance to the 
air 

K, = coefficient for conductance to the 
core 

A, = coil area exposed to the air 

AG = coil area adjacent to the core 

Rol = thermal resistance to the core 


K is a coefficient expressed as the temper- 
ature rise that would result from supplying 
lL watt per square inch of radiating area; 

it is assumed to be independent of the gauge 
and insulation of the wire, but varying with 
the area (A) 


The thermal resistance is defined as 
the reciprocal of the thermal conductance, 
or 


ple 


The values of p have been determined 
as part of the fundamental design of the 
wire spring relay. These values have been 
plotted in Fig. IV-1, which shows the ther- 
mal conductance for different winding depths, 
and Fig. IV-2, which shows the final temper- 
ature for different values of initial watts 
and thermal conductance. 


Allowable Heating 


Since the thermal conductance in- 
creases with the winding depth, the allow- 
able heating on a coil increases as the 
radiating area increases, The allowable 
initial wattage and thermal conductance for 
the AF, AG, and AJ relay coils are shown in 
Table IV-e. The wattage figures are valid 
only for coils wound with copper wire, The 
allowable initial wattage and thermal con- 
ductance for the AK relay are shown in 
Table IV-3. 
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The allowable initial watts for any 
AF, AG, or AJ relay coil may be computed 
by finding the thermal conductance for the 
particular coil from Fig. IV-1 for the 
winding depth of the coil. The depth of 
the coil may be found from data in Section 
X. From Fig. IV-2, the allowable initial 
watts may be found from the thermal con- 
ductance and temperature limit. The initial 
watts should be computed from the maximum 
voltage and minimum resistance. 


Resistance Rise 


The resistance of a coil wound with 
copper wire, subjected to a constant vol- 
tage, rises to some value higher than that 
obtained at ambient room temperature. This 
rise is computed from the minimum initial 
watts, ie, minimum circuit voltage and 
maximum coil resistance. If short holding 
times are involved, the initial watts may 
be multiplied by the duty cycle to obtain 
the equivalent initial watts. Knowing the 
initial watts and thermal conductance, the 
final temperature may be found in Fig. IV-2. 
The temperature coefficient for copper wire 
results in a rise of 1 percent for each 
4,58° F increase in temperature. The hot 
resistance is therefore 


final temperature - 68° F 


To facilitate determining the hot 
resistance, the percent resistance rise has 
been plotted against the initial watts for 
different thermal constants in Fig. IV-3 
and Iv-4. 


Resistance wire has a zero temperature 
coefficient and therefore does not increase 
in resistance due to heating. 


Heating Conditions 


The allowable wattage in Table IV-2 
and the resistance rise in Fig. IV-3 and 
Iv-4+ are based on a constant voltage across 
the coil. Service conditions sometimes arise 
in which other than a constant voltage is 
used across a magnet. A list of these con- 
ditions, together with the formulae for 
determining the allowable watts and final 
temperature is shown in the appendix. Condi- 
tions not covered herein should be referred 
to the relay requirement group. 
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APPENDIX 


Service conditions sometimes arise 
in which other than a constant voltage is 
used across a magnet . The conditions 
under which a magnet may be subjected to 
a temperature rise are: 


1. Constant voltage. 


2, Constant current condition. If the 
magnet is used in series with an 
external resistance of zero temper~- 
ature coefficient, and the resistance 
of the magnet is a small part of 
the total circuit resistance, the 
current will not decrease materi- 
ally as the magnet resistance in- 
creases due to the temperature rise. 


3. Constant power. The circuit con- 
stants may change to maintain the 
wattage on the magnet constant. 


4. Constant voltage with a copper wind- 
ing in parallel with a resistance 
winding of zero temperature coeffi- 
cient. 


5. Constant voltage with a copper wind- 
ing in series with a resistance 
winding of zero temperature coeffi- 
eient. 


6. Constant voltage with a copper wind- 
ing in series with an external re- 
sistance of zero temperature coeffi- 
ecient. 


; Temperature formulae have been developed 
giving the maximum initial watts that will 
prevent an electromagnet from rising above 
given temperature limits. These formulae 

for conditions 1 to 6 above and the temper- 
ature limits are: 


Iv-4 


Condition 1 


Tnitial watts 


Initial watts 


Tnitial watts 


Condition 2 


Initial watts 


Initial watts 


Tnitial watts 


Watts = 125 p 
Watts = 150 p 
Watts = 260 p 


| 
i 


=~ 

E 

— 
ll 


— 
ies 
pe) 
— 
i} 


(225° F) 


(250° F) 


(360° F) 


168 p (225° F) 


210 p (250° F) 


426 p (360° F) 


Il 


U 


93.1 p (225° F) 


107.3 p (250° F) 


158.8 p (360° F) 
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Condition 


Condition 


Condition 4 


Initial watts on cu wdg Bo + watts on res wdg Ex 
R68 r 


I 


1.343 


> 


Initial watts on cu wdg =.) 4 watts on res wdg 2 
R68 aa 


1.397 


2 as 
Initial watts on cu wdg (ey + watts on res wdg (=) 


Reg 


1.638 


I 


T.307 Reg FE 150 p (250° F) 


Terre eras 260 p (360° F) 


Series res (r) not less than - 1.343 Reg + 


Series res (r) not less than - 1.397 Reg + 


Series res (r) not less than - 1.638 Rgg + 


1250p (225°) 
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125 p (225° F) 


150 p (250° F) 


I 


Il 


260 p (360° F) 


(225° F) 


(250° F) 


(360° F) 


The final temperature of a magnet for the different heating conditions listed 
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previously may be calculated as shown below. 


Condition 1 


me 
T= -145 + 60 , 000 paee 


R68p 


ies] 
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Condition 2 


T = [58 p ‘3 ae 
ye) R 
5 68 
Condition 3 
T = > + 100 
Condition 5 
_ ayn . 229r , 229 Bro 
T = -145 Fee + ee (1.07 Reg + rv) + TTTS5 Bo 


Heating conditions other than shown should be referred to the relay requirements 
group. 


In the foregoing formulae: 


E = Voltage in volts. 


Rég = Resistance of the copper winding 
at 68° F. 


r = Resistance of zero temperature 
eoefficient winding. 


0 = Thermal conductance (from Fig. IV-1). 
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TABLE IV-1 
RECOMMENDED TEMPERATURE LIMITS FOR ELECTROMAGNETS 
CONCENTRIC WINDINGS, INCLUDING WINDINGS WITH SERIES TURNS OF RESISTANCE WIRES 


CG 


Mean Winding Temperature Limit for Trouble Conditions 


Cellulose-Acetate- 


Filled Coils Spoolwound Coils 
Insulation Indefinite 48 Hours* Indefinite 48 Hours* 
Enamel per MS58364 250° F 360° F Not Recommended 
Enamel per MS58364 250° F 360° F 250° F 325° F 
Heavy Formex per MS58371 360° F 360° FB 
Single Nylon per LRM-6034,1N1 
Double Nylon per LRM-6034,1N2 
Single Nylon Plus Enamel ° Sia 
(LRM-60 3}, 2N1) 360° F 360° F 
Double Nylon Plus Enamel 
LRM-6034,2 2) 
Cotton or Cotton Plus Fnamel 360° F 360° F 


Notes: 


1. For coils in which freedom from short-circuited turns is essential, or where 
inductance requirements are specified, enameled wire per MS58371, or nylon 
insulated wires per LRM-6034, should be used. 


2. Where series resistance wire is used, the turns should be spread over as much 
of the coil length as possible. The hot-spot temperature should not exceed 
the recommended maximum mean winding temperature for the type of insulation 
employed. 


3. Coil temperatures are based on operation at 100° F ambient temperature. 


* Coils should not be used in circuits where the cumulative hours of operation under 
trouble conditions may exceed 48 hours. 


PARALLEL, TWISTED, AND NONINDUCTIVE WINDINGS 


Enameled wires, single nylon, or cotton should not be used. The insulation 
should be nylon per LRM-6034. Single cotton over MS858371 wire, or double 
cotton over MS58364, may also be used. ‘The trouble temperature limits are_ 
the same as those for concentric windings. 


Note: For all types of insulation and windings, the maximum mean winding 
temperature for normal operation should not exceed 225° F., 


Nov 1967 


IV-7 


HEATING DATA 


TABLE IV-2 
HEATING LIMITS FOR AF, AG, AJ, AND AL RELAYS (Single-Wound Coils) 
Ther Allowable Wattage 
Res Sleeve cond 225° F 250° FF 360° Fe 
Ad 0.043 7.2 9.0 18.3 
16 0.044 TA 9.2 18.7 
34 0.040 6.7 8.4 17.0 
100 0.045 7.5 9.4 19.1 
180 0.043 7.2 9.0 18.3 
200 0.035 5.9 Te 14.9 
220 0,091 cu 0.033 5.6 7.0 14.2 
270 0.048 8.0 10.0 20.6 
275 0.04.3 Te 9.0 18.3 
395 0.043 7.2 9.0 18.3 
4.00 0.033 5.6 7.0 14.1 
500 0.040 6.7 8.4 17.0 
550 0.147 cu 0.044 7.4 9.2 18.7 
600 0.091 cu 0.044 7A 9.2 18.7 
700 0.026 yy 5.5 11.1 
800 0.041 6.9 8.7 17.5 
860 0.034 5.7 7.2 14.5 
875 O,O46AL or cu 0.043 Tee 9.0 18,3 
950 0.042 7.1 8.8 18.0 
1000 0.147 cu 0.041 6.9 8.7 17.5 
1050 0.147 cu 0.044 Tak g.2 18.7 
1625 0.043 7.2 9.0 18.3 
2000 «0.091 0.043 7.2 9.0 18.3 
2200 0O.O046AL or cu 0.043 72 9.0 18.3 
2500 0.043 ae 9.0 18.3 
2550 0.147 cu 0.041 “6.9 8.7 17.5 
3800 0.045 Nani) 9.5 19.2 
4000 0,045 7.6 9.5 19.2 
6000 0.046 7.6 9.6 19.6 
9100 0.043 7.2 9.0 18.3 
TABLE Iv-2a 
HEATING LIMITS FOR AF, AG, AJ, AND AL RELAYS (Multiple-Wound Coils) 
Ther Allowable Wattaget 
Res Sleeve Cond 225° F 250° F 360° F* 
Pp 2.7 0.041 6.9 8.7 17.5 
sg 690 0.043 7.2 9.0 18.3 
P 8 0.041 6.9 8.7 17.5 
gs 850 0.043 7.2 9.0 18.3 
P 10 0.036 6.1 7.6 15.3 
s 400 0.040 6.7 8.4 17.0 
P 16 0.034 5.7 7.2 14 
$16 0.038 6.4 8.0 16,2 
P 61 0.042 nome 8.8 18.0 
8 61 0.037 6.2 8 15.8 
P 100 0.043 7.2 9.0 18.3 
gs 100 0.039 6.6 8.2 16.6 
P 100 0.033 5.6 7.0 14.1 
s 1100 0.043 7.2 9.0 18.3 


* 


48-hour cumulative. 
Values listed should not be applied to winding simultaneously. 


+ 
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TABLE IV-2a (Cont) 
HEATING LIMITS FOR AF, AG, Ad, AND AL RELAYS (Multiple-Wound Coils) 


Ther Allowable Wattaget 
Res Sleeve Cond 225° F “250° F 360° B* 
P 170 0,033 5.6 7.0 Wed 
s 140 0.043 7.2 9.0 18.3 
Pp 198 0.034 5.7 T.2 WS 
Ss 90 0,041 6.9 8.7 17.5 
P 200 0.044 7.4 9.2 18.7 
g 200 0,040 6.7 8.4 17.0 
P 210 0.036 6.1 7.6 15.4 
g 1000 0.038 6.4 8,0 16.2 
P 220 0.040 7.4 9,2 18.7 
§ 1150 0,043 7.2 9.0 18.3 
P 300 0.034 5.7 T.2 1.5 
g§ 300 0.040 6.7 8.4, 17.0 
P 335 0,039 6.6 8.2 16.6 
8 335 0.036 6.1 7.6 15.3 
P 360 0.034 5.7 7.2 W.5 
g 1900 0,045 7.6 9.5 19.2 
P 390 0.033 5.5 6.9 14.0 
§ 390 0.035 5.9 7.4 14.8 
P 400 0.034 5.7 7.2 1.5 
§ 210 0.046 Feu 9.6 19.5 
P 400 0.043 7.2 9.0 18.3 
sg 400 0.038 6.4. 8.0 16.2 
PAIS 0.035 5.9 74 14.8 
9 415 0.035 59 7A 14.8 
T 900 0.034 5.7 7.2 14.4 
Pp 425 0.043 7.2 9.0 18.3 
§ 4e5 0.038 6.4 8.0 16.2 
P 450 0,032 5.4 6.8 13.6 
S57 0. O44 74 9.2 1857 
P 450 0.035 5.9 7.4 14.9 
3 110 0, OAL 7A 9.2 18:47 
P 450 0,032 5.4 6.8 13.6 
§ 200 0. Oty 7.4 9,2 18.7 
P 450 0.091 cu 0.038 6.4. 8.0 ~ 16.2 
§ 500 0,045 7.6 9.5 19,2 
P 54.0 0.033 5.6 7:0 14.1 
P 540 0.036 oval 7.6 15.3 
P 550 0.033 5.6 7.0 14.1 
8 550 0.037 6.2 7.8 15.8 
T 525 0,041 6.9 8.7 17.5 
P 700 0,034 Bras 7.2 W.5 
g§ 700 0,043 7.2 9.0 18.3 
P 700 0.033 5.5 6.9 14.0 
S 3300 0.042 7.0 8.8 17.8 
P 800 0.040 Got 8.4 17.0 
gs 880 0,035 5.9 7.4 14.8 
P 1000 0.033 5.6 T0 W.1 
g he 0,045 7.6 9.5 19.2 
P 1000 0.034 5.7 7.2 14.5 
3 2700 0.043 7.2 9.0 18.3 


48-hour cumulative. ; este . 
Values listed should not be applied to windings simultaneously. 


+ * 
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Ther Allowable Wattaget 
Res Sleeve cond 225° F 250° F 
P 1175 0.034 Bat 7.2 
§ 1075 0,043 Tie 9.0 
P 1200 0.032 5.4 6.8 
§ 6000 0.045 7.6 9.5 
P 1500 0.035 5.9 7.4 
S 2950 0. 044 7A 9,2 
P 1800 0.034 5.7 .2 
s 85 0, O44 TH 9.2 
P 5000 0.040 6.7 8.4 
g 1000 0.044 7A 9.2 
* 48-hour cumulative. 
+ Values listed should not be applied to windings simultaneously. 
TABLE IV-3-~. 
HEATING LIMITS FOR AK AND AM RELAYS 
ne 
Ther Allowable Wattage 
Cond 225° F 250° F 
One Coil 0.031 pone 6.5 
Energized 5 ish 
ane oO 9 
Two Coils 5 0.026 OA Ue 5.54 
Energized .” 
“* 48-hour cumulative 
+ Each Coil 
Tv-10 


HEATING LIMITS FOR AF, AG, AJ, AND AL RI 


TABLE IV-2a (Cont) 


ELAYS (Multiple-Wound Coils) 


360° F* 


1, 
18. 


13 
1g. 


14, 
18. 


14, 
18. 


17. 
18. 


NO NU NO ND WU 


360° F¥ 
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WINDING LENGTH- 2=1.58" 


05 
(LONG COIL) 


04 
£= 0.935"(SHORT COIL) 


.03 


02 


THERMAL CONDUCTANCE 


P 


Ol 


fo) 05" Jo" 15" 20" 25" 30" 35" 
h=WINDING DEPTH 


Fig. IV-1 - Thermal Conductance (p) for Various Winding 
Depths - AF, AG, and AJ Relays 
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MAGNETIC INT 


General 


The performance of a relay, or the 
adjustment applied to a relay, may be af- 
fected by the leakage or stray flux from 
adjacent energized apparatus. The magni- 
tude of the effect on the relay performance 
or operation depends on: 


1. The ampere turn energization and 
amount of leakage flux of the adja- 
cent apparatus. 


2. The function of the relay, 
operate, nonoperate, hold, 
is involved. 


ie, whether 
or release 


3. The spacing between the relay and 
the interfering apparatus. 


4, The amount and polarity of the leak- 
age flux from the adjacent relays. 


5. The extent to which the relay is af- 
fected by stray magnetic fields. 


6. The use of covers on the interfering, 
or interfered with, apparatus. 


The stray field from a relay varies 
with its ampere turn energization, in- 
ereasing as the ampere turns are increased, 
up to the saturation point of the relay. 
The effect of the stray’field on a relay 
will vary with the adjusting ampere turns. 
Thus, hold or release values of slow re- 
leasing AG relays, which are relatively low 
ampere turns, will be affected more on a 
percentage basis than the operate or nonop- 
erate. 


Only the adjacent relays 1, 2, 3, 4, 
6, 7, 8, and 9 in the interference pattern 
shown below, will significantly affect re- 


lay No. 5, which is the one under consider- 
‘ation. 
Interference 
Pattern 
1 2 3 
4 5 6 
t 8 ) 


The mounting centers for the relays 
in the interference pattern are: 


AF relays 1-1/2 inches horizontal 


U relays 1-1/4 inches horizontal 


U and AF relays 2 inches vertical 


Relays outside the interference pattern 
are 2-1/2 inches or more away, and their 
field has no effect on-the relay in. position 
No. 5. Thus, magnetic interference may (if 
necessary) be eliminated by a suitable loca- 
tion of the energized relays. This method 
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generally involves no penalty in circuits 
with a large number of mounting plates, 
eg, senders or registers, but may involve 
space penalties for trunk circuits. Trunk 
circuits may have only one or two mounting 
plates, in which case the adjacent relays 
may not be readily controlled as they may 
be in other circuits. 


There are two effects of magnetic 
interference: the effect on the adjust- 
ment of a relay when it is adjusted with 
adjacent relays energized, and the effect 
on the performance of the relay. 


Effect on the Relay Adjustment 


This effect on the adjustment would 
be noted when the relay is adjusted with 
or without the interfering relays energized, 
and then checked, using approximately the 
same current flow values, with the opposite 
interfering condition. This effect will 
occur generally in trunk circuits or similar 
circuits in which a relay may be adjusted 
when relays in adjacent circuits are ener- 
gized, Adjacent energized relays may be 
avoided by making the adjacent circuits 

busy or by Locating the critical relays on 
the middle plate of a 3-plate 2- or 3-trunk 
unit. The first method is undesirable 

since it may require making a trunk busy 

at another office. The. latter method im- 
poses restrictions on the equipment design 
and may waste space. The latter method was 
used in the No. 5 crossbar trunks using U- 
and Y relays. The interference in these 
circuits was so great that it could not be 
ignored. 


This interference effect is present 
on all adjustments of AF, AG, and AJ relays 
- operate, tronoperate, hold, and release, 
However, the effect is so small on all 
adjustments, except the hold and release of 
the AG relay, that the interference effect 
ean be ignored, Table V-1 shows the effect 
of interference from adjacent AF and U re- 
lays on the operate or nonoperate of AF, 
AG, and AJ relays and on the hold or release 
of AF and Ad relays, 


Table V-1 shows that the U relay has 
anegative, or aiding, effect on the wire 
spring relay instead of a positive, or 
opposing, effect. When U and wire spring 
relays are energized with ground on the 
inner end of the winding, in accordance 
with the standard wiring practice, the U 
relay is poled opposite to the wire spring 
relay. The U and wire spring relay coils 
are wound in the same direction, and the 
winding leads are terminated at the same 
end of the coil. However, the U relay coil 
is assembled on the core so that the term- 
inals are brought out at the rear spoolhead, 
and the wire spring relay coil is assembled 


a 
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so that the terminals appear at the front 
spoolhead. This means that the direction 

of the magnetism of the wire spring relay 

is opposite to that of the U relay. Thus, 
the interference from surrounding AF or 

AJ relays has an opposing effect, whereas 
that from surrounding U relays has an aid- 
ing effect on the adjustment and performance 
of the wire spring relays. 


The effect of AF and U interfering 
relays on the hold or release of the AG 
relay is shown in Fig. V-l. This effect, 
although small in comparison to Y relays, 
requires some consideration. The ‘compari- 
gon in the effect on the release with one 
relay above and one relay below, energized 
at 600-ampere turns, for the AG relay with 
AF interfering relays and the Y relay with 
U interfering relays is: 


Interference 
NI Release With Effect On 
No Interference AG Y 
6.3 9.5% 75% 
18.7 5.0% 27% 
el. 1.0% 23% 


It can be noted from the above that 
the effect on AG relays is considerably 
less than it is on the Y relays. For exam- 
ple, with one AF relay energized at 600- 
ampere turns, above and below an AG relay, 
the maximum interference effect is 9.5 
percent, whereas with a U relay energized 
at 600-ampere turns above and below a Y 
relay, the maximum effect is 75 percent. 
Actually, very few AF relays can be ener- 
gized at 600-ampere turns, but several U. 
relay coils can be. With 300-ampere turns 
on the interfering relays, the maximum 
effect on the AG relay is 6.4 percent in- 
stead of 9.5 percent. 


The minimum interference effect occurs 
with a weak adjustment or at the release 
end of the hold-release adjustment band. 
With a stiff adjustment, or at the hold 
end of the adjustment band, the interfer- 
ence effect on an AG relay with one AF 
relay above and one below energized at 300- 
ampere turns is not over 5 percent. With 
a U interfering relay above and below, the 
comparable effect on a stiff Y relay is 
above 25 percent. 


In view of the marked reduction in 
the interference effect for the AG relay, 
as compared with the Y relay, it has been 
agreed that magnetic interference consid~ 
erations should not impose any penalties on 
the equipment design of wire spring relay 
trunk circuits. 


Tt has also been agreed not to recom- 
mend in the BSP that adjacent circuits be 
made busy when readjusting or testing AG 


y-e2 


relays. There is a small risk in these 
agreements, but it is believed that the 
risk is justified onthe basis that (1) a 
marginal adjustment is rare; (2) there is 
a 5-percent margin between the hold read- 
just and test and 5=percent or more margin 
petween the release readjust and test; 
and (3) the interference generally will 
not exceed that from one relay above and 
below. Actually, as long as there is any 
interference effect, it cannot be safe- 
guarded for successive checks with and 
without interference, using the same test 
current; however, it is believed that re- 
lays will meet the test requirements with 
interference if they have been adjusted to 
the readjust requirements without inter- 
ference. It is also believed that the 
adjustment trouble caused by interference 
that was experienced with the Y relay was 
aggravated by the aging of the magnetic 
iron that was used prior to the introduc- 
tion of hydrogen-annealed iron. 


Effect on Performance of the Relay 


The effects of magnetic interference 
on the performance of wire spring relay 
circuits is generally insignificant. Since 
more ampere turns may be required to oper- 
ate a relay under the influence of magnetic 
interference from relays poled alike, the 
normal margin between the test and the 
worst circuit operate may be reduced. In 
no case is this sufficient to impair the 
operating margin of the wire spring relay. 
The reduced operating margin has the effect 
of increasing the maximum operating time, 
but in no case is this inerease significant. 


The releasing times of the slow- 
releasing AG relays may be either increased 
or decreased depending on whether the in- 
terference comes from surrounding AF or U 
relays. The minimum releasing time of an 
AG relay with three AF relays above and 
below may be decreased in the order of 
10 percent which, usually, is not serious. 
The worst effect of U interfering relays is 
an increase in the maximum releasing time 
which, ordinarily, is not eritical. If 
poth AF and U relays create interference, 
the effects tend to neutralize each other. 


In critical cases, such as the slow 
release’ (RA) relay in the originating 
register circuit, it may be found desirable 
to locate noninterfering apparatus adja- 
cent to an AG relay. These cases should not 
oceur very often. 


The effect of magnetic interference 
on the releasing time of AG relays may be 
found from the release time curve in Section 
IX by reading the release time corresponding 
to (1) the release~ampere turns without in- 
terference, and (2) the release-ampere turns 
with interference. The release ampere turns 
with interference are obtained from 
Fig. V-l. 
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INTERFERING RELAY RELAY 
CURVE rype AMPERE PATTERN 
TURNS 
AF 600 ALL 
2 AF 300 ALL 
3 AF 300 3 ABOVE, 3 BELOW 
4 AF 600 | RIGHT, | LEFT 
5 AF 300 | ABOVE, | BELOW 
6 i) 600 | ABOVE 
7 U 300 3 ABOVE,3 BELOW. 
8 U 600 3 ABOVE, 3 BELOW 


AMPERE TURNS WITH INTERFERENCE 


@ 0 2 4 42 #18 20 
AMPERE TURNS WITHOUT INTERFERENCE 


22 


Fig. V-l - AG Relay - Magnetic Interference Effect on Hold or Release 
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Effect on AK Relays 


Magnetic interference on the AK relay 
nust be considered from two aspects: that 
from surrounding relays and that from one 
coil of the relay on the other coil. The 
first condition, interference from surround- 
ing relays, is negligible. Magnetic inter- 
ference between two coils of an individual 
relay, equipped with stop discs, may be as 
much as +10 ampere-turns on the operate and 
-5 ampere turns on the release where both 
coils are poled in the same direction. The 
leakage flux from the interfering coil 
reduces the pull above the knee of the oper- 
ate pull curve and increases the pull below 
the knee. Since most of the relays have 
the operate point near the knee of the pull 
curve, approximately 150 ampere turns, the 
interference effect on the operate is usual-~ 
ly much less than the maximum of 10 ampere 
turns and can be neglected. The -5 ampere 
turns interference effect on the release 
applies at high values of release ampere 
turns and becomes less at lower values of 
release, so it has practically no effect on 
the relay performance. 


Magnetic interference of either half 
of an AK relay on the other half of the re- 
lay, if equipped with a domed armature, 
may be appreciable and should be taken into 
consideration when figuring release times. 
This effect is shown in Fig. VII-14B and 
VII-14C. The relay adjustment should not 
be affected since one half of the relay 
should be adjusted with the other half de- 
energized. In Fig. VII-14B and VII-14¢, 
positive interference assumes both coils 
poled in the same direction and negative 
interference the coils poled in the opposite 
direction. To obtain the release time with 
interference, read the hold or release gram 
loads on the hold or release pull curve 
with interference and obtain the hold or 
release-ampere turns. The time can be 
obtained by reading these values on the 
minimum or maximum time curves. 


Crosstalk 


Another important effect of stray 
magnetic fields is crosstalk between 
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Fig. V-2 - AJ Relay with Shield 


transmission relays of adjacent trunk cir- 
cuits. The wire spring relay is about 

5 db better than the UA relay. This is 
not sufficient to permit mounting trans- 
mission relays in different circuits on 
2-inch vertical centers, but will permit 
4-1/2- instead of 6-inch mounting centers. 
Where the transmission relays of different 
circuits are closer than 4-1/2 inches, 

the relays are equipped with magnetic 
shields. Fig. V-~2 shows the shields which 
may be used on the AF, AG, or Ad relays. 


The crosstalk with wire spring relays 
equipped with shields is approximately the 
same as that of UA relays equipped with 
crosstalk covers. 


Where there are wire Spring trans- 
mission relays in the same circuit, cross- 
talk is neutralized to some extent and 
pattery noises suppressed by mounting 
the relays side by side. They are con- 
nected to the tip and ring of the trunk 
or subscriber line with the battery wind- 
ing of one relay and the ground winding 
of the other relay connected to the same 
side of the trunk or line. 


Nov 1967 


X-75509 - 


Nov 1967 


TABLE V-1 


INTERFERENCE EFFECT ON THE 
AF, AG, AND AJ RELAYS 


MAGNETIC INTERFERI 


Effect on Operate or Nonoperate of AF, AG, and AJ Relays 


Operate or Nonoperate NI Without Interference DO _120 _170 
AF Tieeetecing Relays (600 NT) 
1, 2% 3, Ay. 65. 7, 85 9 HAS UL0% 3.3% 
2, 4, 6, 8 2.0% 8% .0% 
U Interfering Relays (600 NT) 
1, 2, 3 -1.7% -1.6% -1.5% 
2 -1.5% -1.1% -1.0% 
Effect on Hold or Release of AF and AJ Relays 
Hold or Release NI Without Interference 16 57 90 
AF Interfering Relays 
1, 2, 3, 4, 6, 7, 8, 9 (300 NTI) 4.4% 2.5% 2.5% 
1, 2, 3, 4, 6, 7, 8, 9 (600 NT) 6.3% 5.1% 4.1% 
U Interfering Relays 
‘1, 2, 3 (300 NI) -3.7% -1.8% =1.8% 
1, 2, 3 (600 NT) -5.0% -2.0% ~-2.0% 
2 (300 NT) -1.9% -1.1% ~-1.0% 
2 (600 NT) -2.5% -1.6% -1.3% 
A negative iga<tnalentes an aiding effect. 
Test Pattern 
1 2 3 
4 5 6 Relay No. 5 under ‘test. 
it 8 9 
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General 


The AF, AG, AJ, AK, AL, and AM relays 
are equipped with twin palladium contacts. 
A recent development has been the addition 
of a 0.00l-inch gold overlay to this palla- 
dium surface. The actuation of the con- 
tacts has been designed to provide long 
life and reliable performance, The design 
objectives that have been attained are as 
follows: 


1. One size and kind of contact - palla- 
dium, with gold overlay 


Lower contact force 

Reduced open contacts 

No contact locking 

Lower rate of contact bridging 


Av FW DW 


Reduced contact erosion because of: 
a. faster opening of contacts 
b. decreased contact chatter 


ec. less contact activation from 
organic vapors, because of in- 
dividual contact covers and the 
elimination of frame covers. 


The objective has been to obtain mini- 
mum annual overall charges, taking into 
account first cost and annual maintenance 
charges. A considerable reduction in the 
first cost of contacts and contact protec- 
tion has been attained. 


Contacts and Contact Welding 


Fig. VI-1l shows the construction of 
the contacts. The twin-wire contacts con- 
sist of a palladium tape, 0.009-inch thick, 
spot-welded to the tips of the twin wires. 
The twin-wire contacts have a thin 22K gold 
overlay to reduce the development of poly- 
mer on the contacts. The diagram of the 
welding circuit is shown in Fig. VI-2. The 
capacitor C is charged by a power supply to 
a predetermined voltage and then dis- 
charged through the primary of the welding 
transformer T. This causes a low-voltage 
surge which produces the weld, The con- 
tacts are sheared to length and then formed 
to a eylindrical shape to provide greater 
contact reliability. 
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The stationary single-wire contact is 
made of duplex or triplex tape, consisting 
of a nickel silver strip with a 0.009-inch 
thick strip of palladium welded to either 
or both sides of the nickel silver. The 
single contact is equipped with the palla- 
dium strip only on the side where a mating 
‘twin-wire contact is provided. The single 
contact is butt-welded to the end of the 
single wire by percussive welding. Spot 
welding did not appear to be the best 
method of welding the contact to the end 
of the single wire, due to the need to 
grip the wires with heavy welding elec- 
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Fig. ViI-1 - AF, AG, and AJ Relay Contacts 
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trodes in the limited space directly 
behind the contacts. The percussive weld- 
ing process permits one of the electrodes 
to be placed near the wiring end of the 
wire spring without developing excessive 
heating in the wire. It also permits 

the accurate positioning of the contacts 
needed to control the point of contact 
closure on the assembled relay. 


Fig. VI-3 shows the diagram of the 
percussive welding circuit. The capacitor 
Cc is charged by means of a direct current 
power supply, and the capacitor voltage 
also appears on the stationary single- 
contact wire, The other side of the capa- 
citor is connected to the single contact. 
As the contact to be welded is moved 
toward the end of the wire, the capacitor 
discharges, forming an are which melts 
the abutting surfaces of the contact and 
wire. The parts are held together during 
a brief cooling period as the weld is com- 
pleted. A small resistor R is used in 
series with the discharge circuit to limit 
the current and control the arcing period. 


ELECTRONIC 
SWITCH 


POWER 
SUPPLY 


Fig. VI-2- Welding Diagram - Twin Contacts 
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Fig. VI-3 - Welding Diagram - 
Single Contacts 


Although percussive welding is more 
suitable for the single-wire contacts 
welded in the factory, the necessary re- 
placement of both single and twin contacts 
in the field is made by spot welding using 
the standard field welding equipment pro- 
vided with suitable electrodes. A special 
shaped palladium contact with a gold over- 
lay will be used to facilitate spot weld- 
ing to the single wire, and individual con- 
tact adjustment for the final position of 
the contacts may be necessary. 


Contact Actuation 


The "Lift-off" type of contact actua- 
tion is used to facilitate spot welding 
to a single wire. With this type of actua~ 
tion, which is also used on the UB relay, 
the moving springs are at all times in 
tension, exerting a force either against 
the single contact or the moving card. 
For both make and break contacts, the 
contact is opened by "lifting off" a 
moving contact from a stationary contact 
by the moving card. The chief advantage 
of this type of actuation is that a common 
card force ig available for use in open- 
ing any contact tending to lock. It also 
has a secondary advantage in that the 
reduced vibration of the moving wires 
causes a reduction in contact chatter. 
The "lift-off" type of contact actuation 
results in a small amount of contact 
slide or relative motion between the 
moving and fixed contacts. 


Contact Dimensions 


The dimensions of the wire spring 
relay contacts are: 


Twin Single 
contact contact 
inch 
Width ©.030(ea) 0.073 
Length 0.042 0.042 
Thickness 0.009 0.009 
Radius of 
Surface 0.115 
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Contact Capability 
General 
The size'of the contacts for the wire- 


spring relays was determined by the follow- 
ing factors: 


1. Expected life from unprotected and 
protected contacts 


2. Cost of metal and contact protection 


3. Cost of replacing contacts having 
less than a 40-year life. 


Consideration of the above factors led to 
the adoption of a contact with an average 
erodible volume of about 20 x 10-6 cubic 7 
inches, and with a total volume of 56 x 10°6 
cubic inches. This contact has an erodible 
volume about one half that of the present 
bimetal palladium contact of the U relay. 
Tests have indicated that the size of con- 
tact on the wire spring relay equals, at 
least, the capability of the bimetal U 
relay contact because of the reduced chatter 
and greater speed of contact opening. 


Unprotected Contacts 


Table VI-1 shows, in terms of permis- 
sible number of operations, the capability 
of unprotected wire spring relay contacts 
for a range of typical wire spring, U, 

UB, and multicontact relay loads with short 
and long leads where the contact breaks, 

or both makes and breaks, the contact load. 
Contacts that only make the load do not 
require contact protection, because there: 
is so little contact chatter on closure. 
The estimates in this table are for load 
relays with low stop discs only. Load 
relays with high stop discs dissipate a 
somewhat greater energy on the contacts 
which control such loads. The estimates 

in Table VI-1 should be reduced by 20 per- 
cent in the case of load relays with the 
higher stop discs. 


The estimates in Table VI-1 are based 
on the capability curves for U relay con- 
tacts (erodible volume of 42 x 107° cubic 
inches), because limited tests indicate that 
the erosion rate on wire spring relay con- 
tacts is about one half that of U relay 
contacts. 


Contact bridging has been observed 
on unprotected wire spring contact tests. 
It occurs when contact buildups become 
large enough to bridge the contact gap. 


Where trouble-free contact operation 
is necessary and contact bridging must be 
avoided for any particular circuit applica- 
tion, contact protection should be speci- 
fied when relay operations exceed the 
following limits, except for make-contacts 
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which only close the circuit. 


Normally Normally 
Open Closed 
Load Contacts Contacts 
Resistance (Makes) (Breaks 
ohms operations 
400 or less 2,000,000 500 , 000 
over 400 2,000,000 2,000,000 


When trouble-free operation is not 
required, protection should be provided 
only when the relay operations exceed 
those on Table VI-l. 


In general, load currents should 
not exceed 0.5 ampere on unprotected con- 
tacts. 


Protected Contacts 


Contact protection should be pro-~ 
vided under the following conditions: 

1. When the number of operations on a 
particular circuit application ex- 
ceeds the limits of unprotected con- 
tacts. 


2, When circuit conditions require 
trouble-free operation from contact 
bridging under conditions described 
in the preceding paragraph. 


In general, load currents should not 
exceed 0.5 ampere on protected contacts. 


Contact Protection 


The contact life of 
tact, with a steady state 
more than 0.5 ampere, has 
be 1.5 billion operations. 


a protected con- 
eurrent of not 
been assumed to 


Two different contact protection 
networks have been standardized for use 
in the No. 5 crossbar system and the AMA 
system. They are: 


185A network 0.11 mf in series with 470 
186A network 0.3 mf in series with 1200 


Under extremesof aging, heating, etc, 
the resistances may vary through ranges of 
335 to 605 ohms for the 470-ohm resistor 
and 93 to 147 ohms for the 120-ohm resistor. 


Fig. Vi-4 illustrates these networks. 
Ordinarily, the networks will be mounted 
by their leads behind the load relay on 
the wiring side of the frame, They con- 
sist of a capacitor, wound with a newly 
developed plastic dielectric, and a car- 


pon composition resistor connected in series. 


The capacitor is wound over a metal tube 
which serves as a housing for the resistor 
and as a connection between one end of the 
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capacitor and one end of the resistor. 
The capacitor is connected to the screw 
end of the unit. The networks are coated 
with an insulating finish obtained by 
dipping in gray lacquer. 


185ANET 


Fig. VI-4 - Protection Networks 


The dimensions of the two networks 


are: 
1858 186A_ 
inches 
Length 1-3/8 1-7/8 
Diameter 7/16 17/32 


The 185A and 186A networks were de- 
signed primarily for use with single relay 
loads. Both units are rated at a maximum 
working voltage of 350 volts. 


The 185A network is intended for use 
on single-load relays with a resistance of 
270 ohms and higher. In general, single 
relay loads of less than 270-ohm resist- 
ance, or multiple: relay loads, require the 
use of the 186A network. Particularly 
heavy loads may require the use of a net- 
work with a higher capacity. 


Method of Determining the Life of 
Unprotected Contacts 


for wire 

the determin- 
load and the 
are within 


Engineering of contacts 
spring relays involves first, 
ation of whether a particular 
number of required operations 
the capability of unprotected contacts, 
and second, the determination of a contact 
protection when the contact requirements 
exceed the capability of the unprotected 
contacts. 


Table Vi-l gives life estimates, in 
millions of operations, for a range of AF, 
AJ, and U or UB relay loads where the con- 
tact breaks. or makes and breaks the load. 
Fig. VI-5, from which the estimtes were 
obtained, shows the capability of wire 
spring relay contacts in terms of opera~ 
tions plotted as a function of energy and 
current of the contact load (J+.11). The 
abscissa of this figure is the arithmetical 
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sum of the energy in millijoules and one 
tenth of the current in milliamperes. The 
ordinate scale shows the life in millions 
of operations. The two curves, for short 
and long leads, are based on the results 
of laboratory tests of a number of various 
loads. In evaluating the results of the 
life tests, it has been found that by com- 
bining the current factor with the energy 
factor, and plotting this combined factor 
against the life estimates, a relatively 
smooth curve is obtained. Plotting these 
data on log-log paper results in two 
straight lines, giving life estimates for 
short and long leads (less than 20 and more 
than 20 feet). 


Determining the life for a given load 
from the capability curves requires the 
determination of three factors: the requir- 
ed number of operations, the steady-state 
eurrent of the load, and the amount of 
energy. The first two factors are readily 
available, but the energy factor is not, 
and requires a separate determination, 

The amount of energy (J) is determined in- 
directly from peak-voltage measurements 
obtained from the discharge of the load 
inductance into a large parallel capacity. 
After obtaining peak-voltage values for a 
given type of apparatus, for varying amounts 
of current through the load, the energ 

is calculated from the formula J=0.5C 

The results are then plotted in terms of 
ampere turns of the load against the corre- 
sponding energy in millijoules. The curve 
so obtained can be applied to any load 
with the same magnetic characteristics; 
however, variations in stop-dise height, 
fullness of the coil, and the use of 
permalloy affect the magnitude of the dis- 
sipated energy and therefore result in a 
different set of curves for the same type 
of apparatus. As an example, Fig, VI-6 
and VI-7 show the energy curves for wire- 
spring relays for high and low stop discs 
and for coils of various degrees of full- 
ness. The top curves on each drawing are 
for coils with a high number of turns, 
while the lower curves are for coils with 
a low number of turns. Fig. VI-8 shows 
the energy curves for U relays. 


The energy for various relay loads 
has been calculated and is shown in 
Table VI-1. 


Method of Determining Contact Protection 


In designing contact protections, 
the values of the capacitance and the 
series resistance must be determined. 

The function of the capacitance is to 
limit the rate of voltage rise across the 
contact as it opens to a value that will 
insure no breakdown of the contact gap. 
This requirement will be met, in the case 
of the wire spring relay, if the ratio of 
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7 is less than 2, I being the steady state 
Current of the load relay in amperes and 

C the capacitance of the protection con- 
denser in microfarads. The capacitance must 
also be large enough to limit the peak vol- 
tage to 300 volts to prevent air breakdown. 
It is also necessary to limit the peak 
voltage in order not to exceed the voltage 
limits of capacitors used in protection 
networks. The 185 and 186 networks are 
satisfactory up to 350 volts and the 177 
networks up to 300 volts. 


The peak voltage for any given load 
condition of known energy (J) is determined 
from J=0.5CV@, solving for the value of C 
with V limited to 300 volts. Peak voltages 
for a number of commonly used values of 
capacitance have been plotted against the 
energy in millijoules in Fig. VI-9. The 
use of this graph permits direct reading 
of the peak voltages for a given value of 
energy with various values of capacitance. 
The use of the graph will determine the 
choice of a suitable network, or the choice 
of an adequate capacitor where the use of 
a separate capacitor and a series resistance 
becomes necessary. 


Usually, adequate protection is ob- 
tained by the use of 185A or 186A networks 
around each individual relay load. In 
the case of parallel loads, however, sub- 
stantial design economies can be achieved by 
using a single protection for combined 
loads. This can be either a single network 
or a Single capacitor in series with a 
resistance. For instance, the 186A network 


offers adequate protection for any combina- 


tion of loads with a total energy up to 
12 millijoules; therefore, the 186A net- 
work will be satisfactory for a parallel 
combination of 3-wire spring or U relays 
as long as their combined resistance is 
at least 100 ohms and the combined energy 
12 millijoules or less. The 185A network 
is satisfactory for parallel loads with a 
total energy of 5 millijoules or less. 


The choice of the resistance in series 
with the capacitance is governed by initial 
voltage limitations on the break of the con- 
tacts and by the requirement of keeping the 
condenser discharge current to a minimum on 
contact closure. For these reasons, the 
series resistance should ordinarily be 
chosen to be approximately equal to the 
resistance of the load. 


The resistance requirement is closely 
followed for currents approaching or exceed- 
ing 0.5 ampere. For currents in the order 
of 0.1 ampere or less, the resistance is 
standardized at 470 ohms. 
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Contact Reliability of Wire Spring Relays covers, which enclose only the contact end 
of the spring assembly, protect the con- 
tacts effectively from external dust. 


Wire spring relays are equipped with Fewer contact opens, due to dust, are en- 
independent spring actuation, thereby pro- countered on the wire spring relays, even 
viding true twin contact action. Detachable with the lower contact forces. 

TABLE VI-1 


a 


WIRE SPRING RELAY CONTACTS LIFE ESTIMATES tN 
MILLIONS OF OPERATIONS FOR UNPROTECTED LOADS ON 50 VOLTS 


eo 


Number of Contact Life in Millions 
Turns on Energy in of Operations 
Contact Load Coil Millijoules J & ,1I Long Teads* Short Leadst 
AF, AJ Relays (0.006-inch stop discs) 
16a 1580 4,2 52.2 4 6 
270w 2110 1.6 20 10 17 
3958 27 60H 2,2 15.3 1 23 
400as 3330 2.5 15 14 23 
500uw 8275 6,3 16,3 13 el 
TO0O0w 5050 2.3 9.5 23 39 
950u 11850 5.3 10.5 21 34, 
1625 15800 4,3 7A 29 Ute) 
2500w 19400 3.6 5.7 40 67 
9100 34.900 2.5 352 73 125 
U and UB Relays (0.005-inch stop dises) 
4O0w 5600 5 17.5 12 20 
700 9500 48 12 18 30 
950w 9000 3.7 9 25 rIKe) 
1000u 12350 45 9.5 23 39 
1500w 14600 3.8 7.1 32 5e 
2500w 18800 3 5 46 15 
Q Multicontact Relay (263 type) 
in 275 5380 17.2 35 6 10 
a 120w 3460 a. 65 3 5 
Multicontact Relay (286 and 287 types) 
275W 2740 9.2 27 7 12 
180 1920 8.5 35.4 6 9 
120 1320 7 47, 4 6 
Hold Magnets 
1570 15600 5.5 8.5 26 AL 
1480 13900 5.3 8.5 26 AL 
1250 14.000 5.8 9.7 22 36 
330w 7500 8.6 25.1 8 14 
Select Magnets 
600a3 11000 9.5 17.5 12 20 
24Ow 6700 25.6 45.6 4 7 
UZ 94 2570 19,6 58.6 3 5 


For relay loads with high stop discs, reduce above life estimates by 20 percent 
Lamp Loads 
One ampere steady state current. 


* Leads over 20 feet 

Leads less than 20 feet 

In series with 90-ohm noninductive resistance 
ominal voltage 52 

Effective turns 
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Fig. VI-5 - Wire Spring Relay Contacts Life 
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Fig. VI-6 - AF and AJ Relays - Energy Curves - 
0.014-Inch or 0,002-Inch Stop Discs 
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Fig. VI-7 - AF and AJ Relays - Energy Curves - 0.006-Inch Stop Discs 
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Fig. VI-8 - U Relay - Energy Curves 
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SECTION VII 


OPERATE AND RI 


ELEASE TIMES 


PART T - 


Listed Operate Times 


Telephone relays are most commonly 
operated in local circuit on 48 volts. 
Since 48-volt applications are so common, 
the minimum, maximum, and average operate 
time values for each code on this voltage 
will be found in the code section (Section 
II). Some minor limitations on the use of 
these listed times are discussed later. It 
is expected that these listed times will 
greatly facilitate the computation of relay 
races for circuit analysis purposes. 


For those cases where the operate 
times are not listed, or where the circuit 
conditions are not 48 volts, or where the 
circuit operation is not local circuit, it 
will be necessary to use the graphical solu- 
tions outlined in the following paragraphs. 


Types of Problems 


The most common problem that arises 
in relay application work in connection with 
relay operate time is determining the operate 
time of a given code of relay operating in 
local circuit. This problem is considered 
separately because it is so common and the 
solution is relatively simple. 


A less common type of problem exists 
where the relay and circuit parameters are 
all, or in part, subject to the engineer's 
selection or design. This problem occurs, 
for example, when a new coil is designed, 
or where a 48-volt coil is used in a 130- 
volt circuit, assuming, of course, that an 
optimum design from a speed standpoint is 
needed. Under such conditions, it is 
possible to design for optimum speed in a 
straightforward manner. Furthermore, it is 
practicable, where compromises have been 
made with optima, to determine the penalty 
paid for the deviation from optimum design. 
The problem is considered separately, mainly 
because it is less often needed and its 
complexity justifies separate treatment. 


Another type of problem arises where 
a relay is required to operate in series 
parallel arrangements of circuit elements 
involving inductances and capacitances. 
The solutions to the more general cases are 
usually so involved as to be impractical. 
However, in a great many cases, the problem 
can be simplified either by considerations 
of symmetry or by the use of simplifying 
assumptions. The method of handling some 
typical cases 1s covered in Appendix A. 


A type of problem, 
mainly to the relay engineer, 


of importance 
involves the 
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Simulation of one relay circuit by another 
relay circuit that happens to be available. 
For example, assuming that an extreme 
capability relay is available, it is possi- 
ble to use a single full winding on the 
structure and obtain complete data on relay 
operate times for all relay coils without 
rewinding the coil. In effect, the operate 
times are obtained in circuits that are 
mathematically similar, the difference 
being only in impedance level. Such 
translations are exact and yield very 
satisfactory data. The method is set down 
in Appendix B. 


Definition of Minimum, Maxi 


Times 


um, and Average 


In most relay operate 
the average, maximum, 
time may be required. 
of course, obtained when all variables are 
average. It is not so obvious what the 
variables will be for minimum or maximum 
time. If the number of contributing vari- 
ables is large, it may be uneconomical to 
consider all variables to be at their maxi- 
mum adverse values. Furthermore, it may be 
physically impossible for two particular 
contributing factors to be simultaneously 
adverse because one variable is a function 
of the other; therefore, in stating the 
minimum or maximum operate times it is im- 
portant that the conditions and assumptions 
be defined. 


time problems 
or minimum operate 
The average time is, 


The maximum and minimum operate times 
listed in the code sections of this manual 
were obtained by means of the methods and 
data to be described later. In these data, 
allowances have been made for the proba- 
bility that all variables will not be 
simultaneously extreme. Allowances have 
also been made where a variable is dependent 
upon some other variable, both of which 
cannot be simultaneously adverse. For 
example, the size of the airgap and the 
magnitude of the inductance are interrelated 
in such a way that when the airgap is in- 
creased, the inductance is decreased. 


The minimum operate times listed in 
the code sections were obtained with 
minimum resistance and the maximum times 
with maximum resistance. The maximum 
resistance was taken to be the cold value 
on the assumption that no appreciable 
heating occurred during circuit operation. 
Actually, the maximum operate time for the 
relay when hot will be increased only about 
5 percent for practically all local circuit 
relays. 
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The minimum operate times listed in 
the code sections were obtained at 50 volts 
and the maximum times at 45 volts. Since 
the voltages cannot be simultaneously 
adverse in a particular circuit relay race, 
&@ margin results to help balance the heating 
effect that tends to raise the maximum times 
as noted above. It is therefore concluded 
that a fair circuit analysis can be made of 
relay races by using the listed operate 
times and ignoring the effect of heating due 
to circuit operation. 


Load-Controlled Versus Mass-Controlled 
solutions . 


The complete solution for the operate 
time of a relay requires consideration not 
only of the time required to build the mag- 
netic field up to the value needed to pull 
the load, but also the time required to move 
the armature system up tio the relay contacts. 
The former time is commonly called electri- 
cal time, and the latter time is called 
mechanical or travel time. 


A complete mathematical solution 
involving both mechanical and electrical 
considerations is too complex for practical 
use and in fact has never been obtained. 

Tt is usually found to be adequate to deter- 
mine the operate time on the assumption that 
either the flux buildup, without armature 
motion, or the armature movement, is the 
more controlling factor in the operate time. 
Where the flux rise time is more controlling, 
the relay operate time is referred to as 
"load-controlled"; where the armature move- 
ment is more controlling, the operate time 
is referred to as "mass-controlled."” 


This should not be taken to mean that 
in the load-controlled solution the mass 
effect is neglected, or that in the mass- 
controlled solution the load effect is 
neglected. As will be seen, the mass- 
controlled solution includes the waiting time 
of the armature at the backstop, and the 
load-controlled solution includes a factor 
to allow for the travel time of the armature 


Choice of Mass-Controlled or Load-Controlled 
Method 


In general, the load-controlled solu- 
tion will be needed on the AF, AG, and AJ 
relays when the applied power is less than 
2 watts and the mass-controlled solution 
when the power is above 2 watts. For cases 
in the vicinity of 2 watts, the mass- 
controlled solution should be tried first. 
If the time exceeds 0.010 second, average, 
the load-controlled solution should be used. 
The AK relay, due to the mass of the arma- 
ture, is mass-controlled to about the 
2-watt power level. 


The following paragraphs explain the 
methods used for calculating the operate 
time. 


Calculation of Load-Controlled 
Operate Time - AF, AG, and AJ Relays 


The operate time is the time required 
to build up the magnetic field to the oper- 
ate value plus an allowance for travel 
time: 


- 1. 
ee (14X)L(G46 44, log, Ta 
X = allowance for travel time 


t = time in milliseconds 


L = inductance for one turn in microhenries 


G, = sleeve conductance in kilomhos 
G = eddy current conductance in kilomhos 
Na 53 
Ge = Goll conductance inktlomhos = EX LO 
N = turns 
R = resistance in ohms 


Quah /L 


just operate current in milliamperes 


= 
tl 


I = steady state current in milliamperes 


Some of the above constants have 
various values depending on whether a mini- 
mum or maximum time is desired and whether’ 
the structure is an AF, AG, or AJ relay. 


The maximum operate times for the AF 
relay are computed from Fig. VII-1. To 
compute the maximum operate times for the 
AG and AJ relays, Fig. VII-1 should also 
be used and the times as read should be 
increased by 20 percent for the AG relay and 
1O percent for the AJ relay to correct for 
the higher inductance of these structures. 


The minimum operate times for the AF, 
AG, and AJ relays are computed from 
Fig. VII-2 directly with no correction needed 
for the AG and AJ relays. This is because 
the minimum time curves are based on high 
airgaps where there is little difference 
in inductance for the three relay types. 


The curves are based on unsaturated 
relays. When the operate adjustment extends 
into the saturation range, a correction is 
necessary when figuring the maximum operat- 
ing time to allow for the decreased induc- 
tance. The correction for saturation effect 
is shown in Fig. VII-1. This correction 

is needed only on the more heavily loaded 
relays, as described later. 


The computation for average time is 
covered later. 
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Construction of Curves 


The graphs of Fig. VII-1 and VII-2 are 
constructed as follows: The left vertical 
scale is the resistance in ohms; the hori- 
zontal scale and the right vertical scale 
are time or time constant in milliseconds. 
The lines slanting downward from left to 
right represent the turns of the winding. 
The lines slanting upward from left to right 
represent the current ratio i1/I or q, where 
iis the just operate current and I is the 
steady state circuit current. The curve 
designated NO SLEEVE represents the effect 
on the operating time of the eddy currents 
induced in the magnetic material. The 
curves designated 0.147-inch, 0.091-inch, 
and 0.46-inch cu for the copper sleeves and 
the 0.O46-inch al for the aluminum sleeve 
represent the combined time constants of the 
e 
a 


ddy-current paths in the magnetic material 


nd the various sleeves. 


The insert graph of Fig. VII-1 shows 
the effect of saturation tn reducing the 
electrical operate time. The maximum oper- 
ate time as determined from Fig. VII-1 
should be multiplied by the percentage read 
f 

iv 

i 


rom the correction curve of Fig. VIT-1 for 
he particular value of operate ampere turns 
n order to read the actual operating time. 


Use of Fig. VII-1 To Obtain Maximum Operate 
Time 


The maximum electrical operating time 
of a relay is determined as follows: Using 
the turns and the maximum resistance of the 
energizing winding, determine the point of 
intersection of the TURNS and RESISTANCE 
curves; projecting this point vertically 
downward, read the time constant of the 
energizing winding on the horizontal scale. 
Tf the relay has no sleeve, project the time 
constant of the energizing winding verti- 
eally upward to the NO SLEEVE curve and then 
horizontally to the right to read the sum 
of the time constant of the winding and the 
eddy-current time constant (2 msec) of the 
magnetic material. Project this total time 
constant horizontally until it intersects 
the line representing the ratio i/I and then 
vertically downward to read the maximum 
operating time of the relay. If the relay 
has a copper sleeve, the procedure is the 
same except that instead of projecting the 
time constant of the energizing winding 
vertically upward to the NO SLEEVE curve, 
it is projected upward to the proper sleeve 
curve and-then horizontally to the right to 
read the sum of time constants of the ener- 
gizing winding, the sleeve, and the magnetic 
material. The mechanical time is included 
in the q curves as drawn. 


In determining maximum electrical 
operating times, the operating current i 
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should be the maximum or operate test 
quirement and the cireuit current I should 
be the minimum or hot worst circuit current. 


The rated turns and the maximum ; 
resistance should be used in determining the 
time constant of the energizing winding. 


As an example, suppose it is required 
to find the maximum operate time of a 
2500-ohm AF relay having 19,400 turns and 
operating in local circuit on 45-50 volts. 
The test operate current is 8.2 ma. 


45 


af = Be00x1. 1 ~ 16.4 ma 
a= 8.2 
qs i/f = yoy = 0-5 


NI = 19,400x8.2 = 160 


In Fig. VII-1, find the point corre- 
sponding to 2750 ohms and 19,400 turns (63 
msec on horizontal scale). Project verti- 
cally along 63-msec line to intersection, 
with NO SLEEVE curve (65 msec on vertical 
scale). Project horizontally along 65-msec 
line to intersection with 0.5 CURRENT RATIO 
line. Project vertically and read 48 msec 
on horizontal scale. For 160 NI on the 
AF curve, read 0.96 for a saturation cor- 
rection factor. The operate time is 
therefore 48x0.96 = 46 msec. 


If the relay has appreciable heating 
during normal circuit operation, the relay 
resistance should be taken to be the maxi- 
mum value when hot. It will be noted that 
if the current flow margin is good, the 
effect on the operate time will be insigni- 
ficant. 


Use of Fig. VII-2 To Obtain Minimum Operate 
Time 


The procedure for determining minimum 
electrical operating times from Fig. VII-2 
is the same as the procedure for maximum 
operating times except as described below. 


In determining the minimum electrical 
operating times, the operating current 
should be the minimum or equal to the non- 
operate test current flow requirement and 
the circuit current I should be the maximum 
based on maximum voltage and minimum re- 
sistance. If no nonoperate requirement is 
specified, then the equivalent nonoperate 
ampere~turn value should be read from the 
nonoperate capability curves for minimum 
tension and minimum armature gap (see Sec- 
tion IX for capability data). For AF and 
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AJ velays with 6-mil stop discs and for 
the AG relay, these ampere turn values 
are: 


Arm. Travel AG (20 gm) AF, Ad (30 gm) 
short 32 NI 48 NI 
intermediate 53 NI 69 NI 
long 71 NI 88 NI 


The rated turns and the minimum re- 
sistance should be used in determining the 
time constant of the energizing winding. 


Use Of Fig. VII-2 To Obtain Average Operate 
Time 


The average operate time is obtained 
with all constants taken at the average, or 
nominal, value. The average operate current 
flow of the relay should be taken as the 
average of the operate and nonoperate read- 
just values. Where no nonoperate value is 
specified, the average operate value can be 
obtained by averaging the ampere turns 
obtained from the operate and nonoperate 
ampere turn capability curves (Section IV) 
for a load of 70 grams and nominal airgap. 
For AF and AJ relays with 6-mil stop discs 
and for the AG relay, these values are: 


Arm. Travel AG AF, Ad 
short 76 NI 93 NI 
intermediate 112 NI 127 NI 
long 135 NI 156 NI 


The minimum operate time curve, 
Fig. VIL-2,should be used. The operate time 
as read should be increased by 5 percent for 
the AF, 10 percent for the AJ, or 20 per- 
cent for the AG to allow for the greater 
inductance of the average structure in each 
case, 


Calculation of Mass-Controlled Operate Time 
Using Fig. Vill-3 or VIL-4 - AF, AG, and 


AJ Relays 


The operate time is the waiting time 
of the armature plus the time to move the 
armature from the backstop to the contacts. 
The method applies only where the rate of 

lux rise is so great that the contact load 
is insignificant in delaying the armature 
motion. This assumption is justified when 


the average operate time is less than 10 msec. 


The operate time is obtained from 
Pig. VII-3 and VII-4, which have been ob- 
tained from test data. The data are given 
for the average conditions and provide the 
average operate time to close the average 
contact. The average time to the first or 
the last contact is found by subtracting 
from, or adding to, the average operate 
time, the following travel allowances. 
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Coil Resistance 


16 ISW 
Arm. Travel 90 270 395 or 400 700 
ohms 
Short O.1 O.1 0.2 0.3 
Intermediate 0.4 0.5 0.7 1.0 


The data in Fig. VII-3 and VII-4 apply 
only to relays with maximum 60-gram armature 
back tension. This includes all the 4.4-, 
16-, 270-, 395-, HOO-, and 700-ohm coils 
except those with nonoperate or release 
requirements. Relays with nonoperate or 
release requirements have a maximum 85-gram 
armature back tension. This increases the 
operate time about 10 percent. 


Relays using the short coil have an 
operate time faster than the values in 
Fig. VII-3 and VII-4. To obtain the short 
coil operate time, take 95 percent of the 
values from Fig. VII-3 or VII-4. 


Average Operate Time 


Determine the watts expended in the 
relay and series resistance, if any, using 
average voltage and average resistance. 


Also calculate the conductance, N°/R, using 
specified turns and average resistance in- 
cluding any series resistance. Using the 
graph of Fig. VII-3 for short travel or 

Fig. VII-4 for intermediate travel, read the 
average operate time in msec, interpolating 
between the power curves a8 necessary. 


As an example, suppose it is required 
to find the average operate time of a 400-ohm 
AF relay having 3330 turns short armature 
travel and operating in local circuit on 
48 volts: 


2 
Avg power = (6 3)" = 5.9 watts 
2 
Conductance = (3330)" = 27.2x10° mhos 


= 27.2 Kmhos 


In Fig. VII-3, for short armature 
travel, the average operate time is found 
to be 5.3 msec. 


Minimum and Maximum Timés 


The minimum and maximum times are 
determined by finding the average time to 
the first or last contact and allowing 
£30 percent variation. 


For applications, such as the 
AMA Center, where the maximum operate times 
are specified for troubleshooting reasons, 
and where it is feasible to turn the relays 
to meet the specified operate time require- 
ment, limits of +20 percent from the average 
may be specified. 
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Calculation of Operate Time - AK Relays 


Both the short and the intermediat 
travel AK relays operating with an applied 
power of 2 watts or more are essentially 
mass-controlled and the contact load has 
practically no effect on the operate time. 
The minimum and the maximum operate time 
for short and intermediate armature travel 
A 

fo) 


for the mass-controlled condition 
Oo Fig. VII-4A and VIT-4B. 


Since these figures are plotted for 
he minimum and the maximum operate times, 
he resistance and voltage used in computing 


2 
he power and coil constant V- should be 


tect: 


t 
the limiting values, ie, minimum voltage 
and maximum resistance for the maximum 
operate and the reverse values for the 
minimum operate time. The average operate 
time is the mean of the maximum and the 
minimum time. 


The operate time curves include a 
factor for contact stagger and, therefore, 
the minimum time curves are the time to the 
first contact to function and the maximum 
times are to the last contact. 


The maximum operate time for relays 
operating on less than 2 watts, based on 
average resistance and voltage, should be 
computed by means of the following expres- 
sion for load-controlled operate time: 


1 
i 
Te pega 
o6 


ch 
HH 


DG Gg G.,)log, 


where t = relay operate time in seconds 


L = inductance per turn as shown in 


Fig. VII-6A 
Ne 
Ge = coll conductance “ein mhos 
G, = sleeve conductance (if sleeve is 
used) 
G. = core conductance = 10,000 mhos 


i = test operate or test nonoperate 
current 


Des circuit current 


The value of L should be taken for a 
travel value of one half the armature travel 
of the relay in question (0.015-inch for 
short travel and 0.022-inch for intermediate 


travel). The values of the expression 
log may be obtained from 
Sogo Me. eee 
ty 
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=] 
nm 


Fig. VIT-4C, which shows this expression 


plotted for values of the current ratio = 
fe) 
The above expression gives the elec- 
trical buildup time for the coil. To 
obtain the maximum operatg time, a mechanical 
time of 1.3 msec for short armature travel 
and 2.7 msec for intermediate travel should 
be added to the electrical time computed. 
The minimum operate time for all relays 
should be computed from the mass-controlled 
condition Fig. VII-4A or VII-HB. 


Calculation of Maximum Contact Stagger Time 


AF, AG, and AJ Relays 

Where the operate time is mass- 
controlled, the stagger time will not exceed 
1 msec for short travel or 2 msec for inter- 
mediate travel. 


Where the operate time is load- 
controlled, compute the maximum operate time 
using the load-controlled method, as 
explained previously. In Fig. VII-5, using 
80 percent of the computed maximum operate 
time, read the maximum stagger time. The 
data for the AF relay is for a particular q 
value (ratio of test operate to worst cir- 
cuit operate) and must be corrected for other 
q values as shown in Fig. VII-5. This curve 
is a composite curve; it does not imply that 
the maximum stagger is obtained on the 
stiffest relay. 


AK Relays 


The stagger times for the AK relay are 
given in the following table. 


Short Intermediate 
Power Travel Travel 
watts ~~ msee 
1 a3 2.7 
2 ioe) 2.0 
3 0.9 1.8 
5 0.8 1.6 


Design for Highest Speed 


The preferred coils, designed for 
speed use, provide highest speed for 48-volt 
operation. For highest speed design at 
other voltages and for series circuits, 
following rules should be followed: 


1. Use maximum power. The allowable 
power is usually limited by considera- 


the 


tions of heating, power drain, contact 
current, and tube life. 
2. Use minimum armature travel. It is 


advisable to examine the circuit to 
determine if sequences are necessary. 
The penalty for increased armature 
travel is evident in Fig. VII-3 and 
VII~4. 
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VIT-6 


ALL 
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Use restricted armature tension. 
relays using the 4.4-, lo-, 2/0-, 
4oo-, and the 700-ohm coils have 
45 415 gram armature tension specified 
in the M specification. The operate 
time will be increased about 20 per- 
cent if the armature tension is raised 
from 45 to 90 grams. The operate time 
will be increased about 60 percent. if 
the armature tension is raised from 

45 to 180 grams. 


Use optimum turns. If the relay has 
too few turns, it will be slow because 
of poor margins. If it has too many 

turns, it will be slow because of a 

large winding time constant. For each 
ease there will be an optimum value of 
turns depending on the power input and 
the armature travel. Any deviation 
from optimum should always be on the 
high side to insure positive operation 
of the relay. 


For mass-controlled cases, the optimum 
turns will be evident from Fig. VII-3, 
VII-4, or X-13. 


eases, without 
optimum turns are 
the turns needed 
relay load. 


For load-controlled 
copper sleeves, the 
approximately twice 
to just operate the 


For copper sleeve relays, the optimum 
turns are greater than twice the turns 


needed to just operate the relay. 
Winding space limitations usually 
preclude the achievement of the opti- 
mum value. 


Inductance Curves 


Inductance values, as a function of 
the airgap, are shown in Fig. VII-6 for the 
AF, AG, and AJ relays and Fig. VII-6A for 
the AK relay. Appropriate values of induc- 
tanee taken from these curves have been used 
i 
p 


n the methods set down in the preceding 
aragraphs. It should be understood that 
these curves show the buildup inductance 

of the relay obtained from the slope of the 
magnetization curve with, as the name im-~ 
plies, increasing flux. 


The curves will supply the inductance 
constant for use in computing the operate 
time under some conditions. For example, if 
the operate time of a series relay or switch 
of another type is needed, and the AF, AG, 
or AJ relay is a series or shunt element in 
the operating circuit, the inductance con- 
stant for the AF, AG, or AJ relay may be 
needed to make the computation. 


The inductance constant shown in 
Fig. VII-6 and VII-6A is for one turn. For 
a structure of N turns the inductance will 
be obtained by multiplying the inductance 
constant by Ne. 
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EQUIVALENT 8 


MPL 


CIRCUITS FOR 


SERTES OR PARALLEL RELAY CIRCUITS 


General 


The engineering data provided earlier 
in this section applies to a relay oper- 
ating in local circuit or in series with a 
resistance and releasing with a contact 
protection network. In practice, relays 
often operate in series or parallel with 
one or more other relays and resistances. 
The contact protection network may be 
across the operating contact, the entire 
series circuit, or the parallel circuit. 


These more complex circuit configura- 
tions do not seriously complicate the esti- 
mation of the operate and release time for 
the relay. For a great many of the cases, 
it is possible to reduce the circuit to a 
simple equivalent for which the data pre- 
sented earlier in this section will apply. 


For the purpose of computing operate 
and release times, the equivalent circuit 
may be defined as one in which the ampere- 
turn transient, during operate or release, 
is not altered. This unchanged ampere- 
turn transient in the equivalent circuit is 
guaranteed provided the factors L/R, ro, Le, 
and NI remain unchanged (where L is the in- 
ductance of the operate path, R is the 
resistance of the operate path, C is the 
protection capacitance, r is the resistance 
in series with the protection capacitance, 

N is the turns on the relay, and T is the 
steady-state current when operated). In 
practice, the factor rC is found to have 
very little effect on the computed times, so 
that for practical equivalence only the 
factors L/R, LC, and NI must be equivalent 
in order to guarantee equivalent operate and 
release times. : 


Applications of Equivalent Circuit Theory 
Figure VII-7A shows a relay circuit of 
the type commonly used in the AMA circuits. 
Because the relays are in series and be- 
cause the contact protection is not per 
relay, the data and curves cannot be direct- 
ly applied. t is desired to reduce this 
circuit to a simple equivalent involving 
only one relay and an equivalent contact 
protection. This case is simple and the 
equivalent can be drawn almost directly 
and then the factors L/R, rf, LC, and NI 
checked to show equivalence. 


In Fig. VII-7B, the contact protec- 
tion has been connected to battery instead 
of ground, which does not alter the tran- 
sient at all. Also the 90-ohm external 
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resistance is distributed equally between 
the two series relays. In Fig. VII-7C, the 
protection network has been distributed 
equally between the two relays. The dotted 
line connects points of equal potential and 
may therefore be added or discarded with~ 
out affecting the transient. Fig. VII-7D 
assumes the dotted connector in place and 
the battery divided equally between two 
equal circuit sections. The equivalent in 
this case has been derived in a simple man- 
ner because of the symmetry of the parts of 
the cireuit. Fig. VII-7A and VII-7D are 
shown to be equivalent by noting that the 
factors L/R, NI, r&, and LC are unchanged. 


Although the circuit of Fig. VII-7 
is typical, the theory is not limited to 
such simple cases, In Fig. VII-8A a cir- 
cuit is assumed in which the series relays 
have different windings. Here the total 
series resistance of the operate path must 
pe distributed in proportion to the factor 
N2 so as to make the time constant L/R 
(proportional to N@/R) equal in each relay. 
This has been done in Fig. VII-8B and the 
protection connected to battery as before. 
In Fig. VII-8¢c, the protection capacitance 
has been divided into series components 
inversely proportional to Ne so as to make 
the factor LC’ (proportional to N@c) equal 
in each relay section. Also, in Fig. VII- 
8C the resistance in series with the pro- 
tection capacitance has been distributed 
in proportion to the factor N* so as to 


-keep the factor rC equal in each relay sec- 


tion. The dotted line connects points of 
equal potential throughout the transient 
and therefore may be added or removed, as 
required, without changing the current 
distribution. Finally the voltage has been 
divided into series components (proportional 
to N°) in order to keep the factor NI un- 
changed in each relay and the circuit has 
peen split, as shown in Fig. VII-8D. The 
factor L/R, NI, rc, and LC are calculated 
in Fig. VLI-8A and VIT-8D for a recheck of 
the equivalence between the original and 
final equivalent relay circuits. , 


In Fig, VII-9A, a parallel circuit is 
considered, The steps to arrive at the 
equivalent in Fig, VII-9C are almost obvi- 
ous. The method can be extended to any 
number of relays in parallel, not necessar- 
ily of the same resistance, as long as the 
time constant for each relay is the same, 
which is practically true for all full 
wound relays on a given structure. 
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APPENDIX B 


SIMULATED R 


In compiling data for operate and re- 
lease times of relays, particularly of new 
designs, it is often necessary to test a 
number of samples having various windings. 
Furthermore, if an extreme capability relay 
structure is available, it may be desirable 
to rewind the relay or remove turns to sim- 
ulate the winding desired. This complica- 
tion can be avoided by using a single wind- 
ing on the extreme capability relay and 
changing all other circuit constants in such 
away that the ampere-turn transient in the 
relay during operate and release is unal- 
tered thereby resulting in unchanged oper- 
ate and release times. 


The rule for such equivalent cir- 
cuits is as follows: 


It is desired to test a relay circuit for 
operate and release times. The desired 
circuit is made up of a total series re- 
sistance in the operate path of R ohms, a 
relay with N turns, and a battery of E 
volts. The contact protection consists 

of a capacitance of C mf and a resistance 

of r ohms. The available structure has Nt 
turns. The required circuit can be simulat- 
ed insofar as operate and release times 

are concerned by using the following equiva- 
lents. : 
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turns = N! 
N'\e 
resistance = (4) R 
Wiles aa 
voltage = (47) = 
: : N \e 
protection capacitance = (qT) C 
F Nive 
protection resistance = (4) Yr 


A check for equivalence between the 
desired and the simulating circuit can be 
obtained by noting that the factors L/R, 
NI, LC, and rC are unchanged. Typical 
examples are given in Fig. VII-10. 


A limitation of the simulating cir- 
cuit is that no visible spark should occur 
on the actuating contact during release 
since the voltage of the simulating circuit 
ay exceed the sparking potential of air. 

It is therefore recommended that the test 
structure be wound with 3000 turns since 
this value will allow equivalents as low 

as 750 turns without exceeding 200 volts 

in the test battery. It is also recommended 
that the actuating contact be a fast opening 
contact to further reduce the possibility of 
sparkover and that the protection capacitor 
be capable of the resulting peak voltages. 
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SECTIO 


OPERATE AND R 


PART II - REIL 


General 


The minimum, maximum, and average re- 
leasing times for the various coded relays, 
on 45 to 50 volts, local circuit, and with- 
out contact protection, are listed in the 
code section (Section II). For those cages 
where contact protection is used, it will 
be necessary to compute the release times 
as outlined later in this section. This 
section covers AF, AJ, and AK relays only, 
as the AG slow-release relays require 
special treatment and are covered in See- 
tion IX. 


Definition of Minimum, Maximum, and Average 


Times 


Release time is that interval from 
the time the relay winding circuit is opened 
to the instant that a contact is actuated. 
This would be the first contact to be act- 
uated in the case of minimum release time, 
the average contact for average release 
time, and the last contact for maximum re- 
lease time. 


The data shown are for relays without 
contact protection unless the data specific- 
ally states that contact protection is used. 


The release time consists of three 
parts: 


Electrical Time. The time necessary for 
the flux to décrease to a point that will 
allow the release of the armature from 
the core. 


Travel Time. The time necessary for the 
armature to move sufficiently to actuate 
the nearest contact. 


Stagger Time. The time necessary for the 
armature to move from the nearest to the 
farthest contact. For AF, AJ, and AK 
relays the maximum stagger is 1 msec for 
short travel and 1.5 msec for intermediate 
travel for relays releasing an open cir- 
cuit. Relays releasing under shunt con- 
ditions, or relays with copper sleeves, 
may have an appreciable stagger time and 
will require special consideration. 


Factors Controlling Release Time 


The release time (t) of a relay is 


O" log z _ 1 
given by the equation t = af NT ( os =) 
where 

t = electrical time 

G = conductance 

NI = release ampere turns 
Nov 1967 
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ELEASE TIMES 
p"-o 
Zo= = 
2 “Po 
oo" = soak flux 
25 = residual flux 
. = flux corresponding to the 
release ampere turns 
The term +08 Z é is substantially a con- 


stant in the normal range of release ampere 
turns for the AM, AJ, and AK relays. The 
release time for any given load will, 
therefore, be proportional to G. 


The conductance term G is made up of 
three parts: the coil conductance (Ge), 
the sleeve conductance (Gg), and the eddy- 
current conductance of the core of the 
‘relay (Ge). The eddy-current conductance 
is always present, but the coil conductance 
is present only when the relay releases 
from a short circuit or with a resistance 
in parallel with the winding, and the 
sleeve conductance is present only when a 
sleeve is provided on the relay. 


The coil conductance may be determined 


2 a 
from the relay winding data. Go = + x 103 
kilomhos where N is the turns on the coil 


and R is the total circuit resistance in- 
cluding any resistance in series or in 
parallel with the relay coil. If the relay 
is releasing on open circuit with no con- 
tact protection or shunt resistance, there 
is no closed circuit for the coil and Ge 

is zero. 


The sleeve conductance is also in 


the form of ie but Ne = 1 since the sleeve 


R 3 
is considered a single short-circuited 
turn. The problem therefore reduces to 
the determination of the resistance of 
the sleeve, The values of sleeve conduc- 
tance for the sleeves used on the wire 
spring relays are: 


Sleeve Max Ge Min G. 
AF,AG, and AJ Relays 
©.046 in. aluminum 44.0 kmhos 38.3 kmhos 
0.046 in. copper 73.6 kmhos 65.6 kmhog 
0.091 in. copper 135.5 kmhos 125.0 kmhos 
0.147 in. copper 200.5 kmhos 189.0 kmhos 
AK Relays 
0.069 in. copper 112.0 kmhos 100.0 kmhos 
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The core conductance has been measured 
and found to be 5 kilomhos for the AF, AG, 
and AJ relays and 10 kilomhos for the AK 
relay. It is simpler and more accurate to 
use a measured value than to estimate a 
value from the relay constants. 


The release time curves are based on 
the just hold, or the just release, ampere 
turns of the relay. These release ampere 
turns are determined as outlined in the 
following paragraphs. 


“Release Ampere Turns (NI) for Maximum 
Release Time 


The data for maximum release time are 
based on the test release ampere turns of 
the relay. The release ampere turns are 
obtained by determining the readjust release 
value as shown below and multiplying by 
95 percent to obtain the test value, A 
release requirement offers the best method 
of controlling the maximum release time in 
order to obtain the lowest maximum release 
time for a particular relay. 


Relays With Operate Requirement Only 


The release ampere turns are found by 
reading the operatedload grams of Table 
IX-6 on the release curve for 300-ampere 
turn soak and the proper stop-dise height 
in Fig. TX-13, IX-19, Ik-25, or IX-35 de- 
pending on whether an AF, AJ, AJ relay with 
laminations,or AK relay is being considered, 
Tf the relay has a specified minimum arma- 
ture back tension of less than 30 grams, the 
operated load should be reduced by an amount 
equal to the difference between the speci- 
fied back tension and 30 grams. 


Relays With Nonoperate Requirement 


The operated gram loads in Table IX-6 
are based on a 30-gram armature back tension. 
Relays with a nonoperate requirement may 
have a back tension in excess of 30 grams 
as read on the nonoperate curve, which is 
based on a good magnet. If the nonoperate 
ampere turns were read on the operate pull 
curve, which is based on a@ poor magnet, a 
back tension in the order of 30 grams would 
result. Thus the nonoperate may not increase 
the back tension above 30 grams in the lim- 
iting case of a poor magnet and maximum 
unoperated airgap. Relays with a nonoperate 
should, therefore, be treated the same as 
relays with only an operate requirement. 


Relays With Release Requirement 

Multiply the release current flow 
value specified by the number of turns to 
obtain the readjust ampere turns. 


Release Ampere Turns for Minimum Release 
Time 


The release ampere turns for the mini- 
mum release time are based on the test hold 
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ampere turns. These are found by determin- 
ing the readjust hold value as shown below 
and multiplying by 105 percent to obtain 
the test value. The hold is used since 

the relay may release on a value just below 
the hold value. 


Relays With Operate Requirement Only 


The load used is the maximum operated 
gram load in Table IxX-2. These loads are 
based on a 60-gram armature back tension. 
The speed coils (4.4, 16-, 270-, 395-, 400-, or 
700-ohm) have a maximum 60-gram back ten- 
sion specified in the manufacturing redquire- 
ments, but the other coils have no limit 
on the back tension as long as they meet 
the operate requirement. With the exception 
of the relays using the speed coils listed 
above, the operated gram loads of Table 
IX-e2 should be increased by 30 grams to 
allow for the actual back tension that is 
likely to be encountered on the relays. 

The ampere turns on which the relay will 
just release are found by reading the maxi- 
mum operated gram load on the hold pull 
curve for 300-ampere turn soak and the 
proper stop-disec height of Fig. Ix-le, 
TX-18, Ix-24, or IX-34 depending on the 
type of relay being considered. 


Relays With Hold Requirement 


Multiply the hold current flow value 
specified by the number of turns to obtain 
the readjust ampere turns. 


Relays with Nonoperate Requirement 


Relays with a nonoperate requirement 
are figured in the same way as those with 
only an operate requirement. 


Release Time on Open Circuit With No Shunt 


The release times of the ordinary AF, 
AJ, or AK relay are in the range of 1 to 15 
msec. When adjusted on the same release 
npere turns, the AF and AJ relays have 
ssentially the same release time where no 
ontact protection is used. The constants 
ontrolling the rate of flux decay are 
all unless a time delay sleeve or shunt 
s provided. This may increase the minimum 
ime to about 50 msec. inimum release 
imes greater than this require the use of 
he AG relay which has special design fea- 
ures to provide longer release times. 
aster release times can be obtained by 
sing 0.0l4-inch or 0,022-inch stop dises 
n the AF or AJ relays and heavy spring 
oads. 


FPOSGHt¢atdt¢tHanoo ow 


Fig. VIT-11 and VIIT-11A show the max- 
imum and the minimum release times for re- 
lays releasing on open circuit with no 
shunt, sleeve, or protection. These are 
the times to the first contact for relays 
with 0.006-inch stop discs. If the stop 
dise is other than 0.006-inch, the release 
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times should be corrected by the factors 
shown in Fig. VI[-12. This may be an im- 
portant correction and should not be over- 
looked. The stagger time should be added 
to the maximum time obtained from the re- 
lease time curves. 


The release times shown in Fig. VII- 
ll and VII-11A are based on a 300-ampere 
turn soak. Although the times may vary as 
much as 10 percent for the extremes of high 
soak and high release ampere turns,it does 
not appear necessary to complicate the 
figuring of release times by introducing a 
correction for high soak values. The maxi- 
mum effect of the soak on the releasing 
time is obtained at high release ampere 
turns, which indicates a stiff relay and 
therefore.fast release times, and the use 
of a coil developing about 500-ampere turns. 
Very few colls will develop 500-ampere turns 
and the 10-percent effect on the release 
times at the high release ampere turns is 
only a fraction of a millisecond. It is 
concluded therefore that the effect of soak 
values of 250 or more ampere turns can be 
neglected. For soak values of 200-ampere 
turns, 
and for soaks of 150-ampere turns or less 
by 5 percent. 


Average Releasing Time 


The average release time is obtained 
by taking 80 percent of the maximum oper- 
ated gram load from Table IX-2 and reading 
the release ampere turns for this load on 
both the hold and release pull‘curves. Read 
the release time for the hold ampere turns 
on the minimum release time curve and the 
release time for the release ampere turns 
on the maximum release time curve. The 
average of these two readings is the aver- 
age release time. 


Release Time With Resistance Shunt 


Under this condition Gg will be some- 
thing greater than zero and will be found 


from G_ = ue where 
c Rito 
N = number of turns in coil 
Ry = resistance of coil 
Ro = resistance of shunt 
Fig. VII-13 shows the maximum release 


time of the AF and AJ relays plotted against 
the conductance in kilomhos for different 
ampere-turn release values and 0,006-inch 
stop dises. Fig. VII-14 shows the minimum 
release time for the same conditions. 

Fig. VII-13A and VII-14A show the corre- 
sponding values for the AK relay. The 
release times are found by reading the 
previously determined release ampere turns 
for the value Gq determined from the coil 
constants. Although the curves are plotted 
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for the coil and/or sleeve conductance 
only, the effect of the eddy-current con- 
ductance of the core (Gg) is also included 
in the release time curves, For open cir- 
cult release with no sleeve or shunt, Ge + 
Gg is zero. The release time for AF or AJ 
relays with other than 0.006-inch stop 
discs is found by obtaining the time for 
the 0.006-inch stop dises and applying the 
correction factors from Fig. VII-12. The 
stagger time may be long and will require 
special consideration if it affects the 
circuit operation, 


Release Time With Sleeves 


In the release time of relays with 
sleeves, particularly those with large 
sleeves, the major portion of the release. 
time is due to the slow flux decay. These 
relays are treated the same as a relay 
with the resistive shunt, using a Gg corre- 
sponding to that shown previously for the 
size of sleeve used on the relay. 


Release Time With Contact Protection 


Contact life requirements frequently 
require the use of a capacitor and resis- 
tor in shunt with a relay winding, or 
across a contact that is in sertes with 
the relay winding. This changes the rate 
and character of the flux decay and con- 
sequently the release time. The effect is 
the same whether the protection is in par- 
allel with the relay winding or across 
the series contacts. In either case, the 
opening of the circuit starts the collapse 
of the flux in the relay and causes a flow 
of current in the capacitor circuit. This 
current may or may not be oscillatory, 
depending on the coil turns, coil resistance, 
and the values of the protective network. 
The effect of protection on the operate 
time is minor and can be neglected. 


The maximum release time for the AF 
relay with different ampere turn release 


values has been plotted for nec x 10 6 1A 
Fig. VII-15. These values are for a value 
of CRp = 100 where C is the protective 
capacity in microfarads and Ry is the sum 
of the coll and protective resistances. 
These times are for the travel to the first 
contact. For the time to the last con- 
tact, add the stagger time of 1 msec for 
short travel and 1.5 msec for intermediate 
travel. The release times must be adjusted 
if the value of CRp is other than 100. 

This correction is shown in Fig. VII-16. 


Other curves show the minimum release 
time for the AF relay and the maximum and 
minimum release times for the AJ relay. 
The list of the release time curves for 
protected relays: 


Maximum release 
AF relays 


Fig. VII-15 
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Minimum release and reading the release time from Fig. VII- 
AF relays Fig. VII-17 14B or VII-l4c. The maximum release time 
CRp correction Fig. VII-16 is obtained in a similar manner using the 
Maximum release release value. 
AJ relays Fig. VII-18 
Minimum release Release Time Under Shunt-Down Condition 
AJ relays Fig. VII-20 
CRr correction Fig. VII-19 In case a relay is released by shunt- 
ing the relay down and the shunt is not of 
These curves apply to relays with all zero resistance, a current will flow in 
stop-dise heights since the release time of the energizing winding during the releas-~- 
protected relays with the same ampere-turn ing period. The releasing time of such 
release is independent of the stop-disc a relay can be estimated from the data in 
height. The release ampere turns, and this section. The procedure is to deter- 
therefore the release time, for the same F ‘ _N 
spring load will vary with the stop-dise mine the coil constant, ma a ee 
height. described previously. The effect of the 
current in the short-circuited winding is 
AK Release With Copper Sleeve and Domed to increase the release time. This in- 
‘Armature fluence can be accounted for by subtracting 
the ampere turns in the energizing wind- 
The AK relay may be equipped with a ing during the releasing period from the 
domed armature and ‘a copper sleeve to release ampere turns determined from the 
obtain a slow release time. The minimum hold or release pull curves and using the 
release time is obtained by computing the resulting release ampere turns to deter- 
hold ampere turns from data in Section IX mine the release time, 
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FOR AF RELAYS: - USE CURVE AS SHOWN 
FOR AG RELAYS: - ADD 20% TO FIRAL READINGS 
FOR AJ RELAYS: - ADD 10% TO FINAL READINGS 


t = (1 + X)L(GQ +, + 6s) Loge qh 


FOR LARGE TIMES (>30 MS) X = 0.1 . 
FOR SMALL TIMES (10 TO 30 MS.) X VARIES FROM 0.1 TO 0.5 
(THESE VALUES ARE INCLUDED IN 4 CURVES) 


L = .W6uH 

_ 42 
Ge = Be. 1073 KMHOS 
Ge = 5 KMHOS 


(210", 147" SLEEVE 
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Fig. VII-l - AF, AG, and AJ Relays - Maximum 
Operate Time - Load Controlled 
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General 


MECHANICAL RI 


This section describes the mechanical 
requirements of AF, AG, AJ, AK, AL, and AM 
relays to be applied in the shop and in the 
field. Due to the construction of these 
relays, the adjusting effort in the shop is 
much less than that required for the U and 
Y relays. The shop adjustment is mostly 
confined to a touch-up of the back tension 
by adding to, or subtracting from, the 
balancing spring pre-tension and a mass 
adjustment of the contacts to meet the con- 
tact gauging requirement. On relays with 
eritical hold and release requirements, an 
adjustment of the buffer spring tension 
and point of pickup of this spring by the 
ecard may be necessary. 


Due to the greater stability of these 
relays, and the improved contact performance, 
the necessity for readjustments in the field 
is considerably less than for the U relays. 


In general, spring sequences required 
for proper circuit functioning must be spec- 
ified in the Circuit Requirements Table, 
except for EBM, EMB, PBEM, or PMEB combin- 
ations, which are checked for the sequence 
in the position in which these combinations 
appear. Where the circuit function involves 
preliminary contacts operating in sequence, 
with late contacts, it may not be necessary 
to specify the sequence in the Circuit Re- 
quirements Table. These conditions should 
be discussed with the relay requirements 
group. 


The ratio of the gauging value applied 
at the card to that applied at the stop 
disc, or dome, is not the same for the AF, 
AG, AJ, AL, AK, and AM relays. The AF and 
AL relays have short armatures and the AG 
and AJ relays have a long armature, but 
the stop discs, or domes, are located the 
same’ distance from the front of the armature 
on all four relays. The armatures on the 
AK and AM relays are a different design 
from the AF, AJ, or AL relay. The stop 
dises or domes will, therefore, be at 
different distances from the hinge on the 
different armatures and consequently will 
travel different distances for the same 
travel at the card. The ratios for these 
motions are: 


AF, AL AG, AT AK, AM 


Stop disc, or dome, 0.718 0. 845 0.912 
to card 

Contact to card 1.065 1.065 1.065 

Stop disc, or dome, 0.675 0.793 0.885 
to contact 


The performance and stability of the 


wire spring relay is controlled mainly by 
the following features: 


Contact Gauging 
Armature Travel 
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SECTION VIII 
EQUIREMENTS 


Contact Force 

Armature Back Tension 

Buffer Spring Tension and Position 
Stop Discs 
Armature Leg Clearance 


Some of the above features are specified 
in the shop mechanical requirements and 
are to be checked. on the assembled relay 
Otherg are controlled by manufacturing 
tolerances on the component parts and no 
check is made after assembly. 


Contact gauging values provide the 
minimum and the maximum points in the arma- 
ture stroke at which the contacts may be 
actuated. The gauging requirements for 
these relays are shown in Table VITI-1. 
Some relays may have special contact 
gauging to facilitate meeting the current 
flow requirements; these special gauging 
values must be shown in the Cireuit Re- 
quirements Table. All gauging values are 
relative to the center leg of the core 
on AF, AG, AJ, and AL relays. 


It should be noted that, using the 
readjust values with adverse gauging lim- 
its, the interval that guarantees that a 
sequence is provided is small. With 

the test values, there is a negative se- 
quence interval. The interval may refer 
to transfer or continuity contacts, which 
are in the same position on the relay, or 
it may refer to a contact in one position 
with respect to contacts in other positions, 
such as any early contact with respect to 
any late contacts. Different gauging 
values are specified in Table VIII-1 for 
different purposes as outlined in the 
following paragraphs. The contacts should 
not be actuated on the maximum values 
shown. 


M Specification Gauging Values 


These values are specified by the 
Apparatus Department for use in the shop. 
Thé gauging may be made either at the stop 
dises or at the card, using equivalent 
gauging values, depending on which is the 
most convenient. The gauging requirements 
guarantee a minimum interval of 2 mil 
inches, measured at the contacts (1.5 mil 
inches measured at the stop discs) between 
any contacts in different travel stages. 
Since the gauging requirements insure the 
sequences, no other check is made for the 
sequence. 


Readjust Gauging Values 


These are identical with the M spec- 
ification values but are applied at the 
stop dises. When a relay has reached the 
end of its adjustment life, it may be 
readjusted to the original gauging values. 
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Wired Equipment Test Gauging Values 


These values are used in the shop for 
wired equipment inspections and will be 
applied at the stop discs. They are uni- 
formly 1.5 mils easier than the M 
specification values and result in a nega- 
tive sequence interval of 1.5 mils. Con- 
sequently, a visual check for sequence will 
be made on all EBM, EMB, PBEM, and PMEB 
spring units with the armature operated 
manually. No check for other sequences 
will be made unless explicitly covered by 
notes in the Circuit Requirements Table. 


Before Turnover Test Gauging Values 


These are for the use of the installer 
prior to turnover and are identical with 
the wired equipment test values used in the 
shop. 


Maintenance Test Gauging Values 


These values are the "end of adjust- 
ment life’ and are easier than the before 
turnover test values to allow for wear. 
The method of gauging for the "no make" 
point of the contact is different in that 
the gauge is inserted between the armature 
and the backstop with the relay de-energized. 
This method allows greater wear before re- 
jection of relays with contacts worn in a 
direction to pick up the contact early in 
the stroke. The gauge applied between the 
armature and the backstop is large enough 
to allow for armature rebound. 


A visual check without gauges will be 
made for all EBM, EMB, PBEM, and PMEB 
spring units. No check will be made for 
any other sequences unless the sequence is 
specified in the Circuit Requirements 
Table. 


If the deterioration in contact gaug- 
ing is caused by excessive card wear, the 
contact sequences may be restored by replac- 
ing the actuating card in the field. 


Armature Travel 


The armature travel is not adjustable 
and is controlled by the core plate and 
stop dises used. The core plate in turn 
depends on the spring combination. There 
will be three standard armature travels 
corresponding to the three stages of con- 
tact spring sequence: short, intermediate, 
and long. ‘The nominal armature travels 
measured at the card are: 


VIII-2 


Spring 
Travel Contact Combination 
(inch) Sequence Number 


AF, AG, AJ, and AL Relays 


Short 0.026 1 stage 1 to 199 
and 500 
Enter= 
mediate 0.044 2 stage 200 to 399 
Long 0.060 3 stage Hoo to 499 
AK and AM Relays 
Short 0.026 1 stage 1 to 199 
Inter- 
mediate 0,044 2 stage 200 to 399 


There are no specified variations in 
the armature travel, but the manufacturing 
limits on the component parts that control 
the travel show that they may vary 40.005 
inch. 


These armature travels will not be 
shown in the Circuit Requirements Table, 
the BSP, or the manufacturing specifica- 
tions. Some relays with critical adjust- 
ments, such as the AJ1 and AJe supervisory 
relays, may have special armature travels 
and contact gauging to aid in meeting the 
current flow requirements. 


Contact Force 


The contact force, measured at the 
contacts, will be nominal 12.5 grams, but 
for critical or sensitive relays a nominal 
8-gram force may be used. A nominal 17.5- 
gram contact force may be used in cases 
where contact chatter is detrimental to 
circuit function. The contact force is 
obtained by the bend and large deflection 
of the twin-wire springs held in a molded 
block and is not adjustable once the relay 
ig assembled. A relay, coded with a partic- 
ular force adjustment, cannot be given 
another force adjustment as is done with 
older types of relays. Where any change 
in adjustment is required, a new code must 
be provided. 


Armature Back Tension 


The armature is held against the back- 
stop of the core plate with a pressure of 
minimum 30 grams for the AF, Ad, and AK re- 
lays, minimum 45 grams for the 24-make AJ 
relay, and minimum 20 grams for the AG 
relay, unless otherwise specified on the 
individual relay code. A minimum of 20 
grams back tension may be specified for 
the sensitive, marginal, or slow-releasing 
relays, where necessary to meet the current 
flow requirements. A maximum 60 grams back 
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tension is specified in the manufacturing 
specification for the speed relays (4.4-, 
16-, 270-, 395-, 400-, and 700-ohm coils) 
to prevent increased operating times due 
to excessive armature back tensions. The 
60-gram back tension is increased to 80 
grams where nonoperate or release require- 
ments are specified. On the 24 make AT 
relay, there is a maximum back tension of 
100 grams on standard relays and maximum 
80 grams on the speed relays of this type. 
The back tension is obtained from the 
balancing spring, the thickness of which is 
selected on the basis of the number of make- 
contacts. (See Section IX.) The tension 
and offset of the balancing spring may be 
changed to meet the armature back tension 
requirement, or a nonoperate, or release, 

AL and AM relays have special back tension 
values. Consult the relay applications 
group for specific details. 


Buffer Spring Tension and Position 


A buffer spring may be provided on 
the AF, AG, AJ, or AL relay to obtain an 
additional adjustable load in the operated 
position. This provides a better balance 
between the relay pull and the operated 
load and permits better control of the hold 
and release adjustments. Relay codes that 
may be equipped with a buffer spring (shown 
in Section IT, Fig. I-16) are identified by 
the letter suffix B following the spring 
combination number. However, the buffer 
spring may or may not be provided on indi- 
vidual relays of these codes, depending on 
whether its use was required to meet initial 
electrical requirements. 


The point at which the buffer spring 
is picked up in the operation of a relay 
must be controlled. It is adjusted to the 
gauging values shown on Table VIII-1. If 
the buffer spring is picked up too soon, 
there is a possibility of a momentary open 
of make-contacts caused by a hesitation of 
the armature when the actuating card engages 
the buffer spring. If the buffer spring is 
picked up too late, the load of the buffer 
spring may be dropped, on the release of 
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the relay before the armature is far 
enough away from the core to prevent re- 
closure of make-contacts when the buffer 
load is dropped. 


Stop Discs 


The AF and AJ relays are always equip- 
ped with stop dises 0.006-inch, 0.014-inch, 
or 0.022-inch high, with a tolerance of 
-0.000-inech +0,003-inch. The 0.006-inch 
stop disc is used for the general purpose 
functions, and the 0.0l4-inch or 0.022- 
inch stop dises are used to meet marginal 
operating conditions. The AG and AL re- 
lays have an embossing or dome on the arma- 
ture to provide a uniform point of contact 
between the armature and core. This mini- 
izes the effect of varying alignment of 
the armature and core on the releasing time. 
The AK relay is equipped with a stop dise 
0,005-inch -0.000-inch, +0.003-ineh high, 
or in special cases a dome for the slow- 
release relays. AM relays are equipped 
with a domed armature. 


Armature Leg Clearance - AF, AG, AJ, and 
AL Relays 


With the relay electrically operated, 
there shall be a clearance of minimum 0.002 
inch between the outer legs of the core and 
the armature. This is to prevent an iron- 
to-iron contact between the armature and 
the core legs due to stop dise wear or 
cocking of the armature. 


Coil Replacement 


A tool kit (1014B) has been provided 
for replacement of the coil of the AF, 
AG, AJ, or AK relays in the field. It 
was designed for replacing defective coils 
and is not intended for the modification 
of relay codes. Replacement procedures 
are covered in Bell System Practices 
040-502-801 and O40-504-801 for AF, AG, 
and AJ types and the AK type, respectively. 
No attempt should be made to replace the 
coil of either the AL or AM type latching 
relay in the field. 
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Fig. V. -l = Method of Connecting to Fixed Contacts 
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Adjusting Tools 15. Cover wire bail adjuster 
(485A pliers) 
A list of the adjusting tools required 


for field maintenance of the wire spring 16. Coil replacement tool kit (1014B) 
relay is shown below. for AF, AG, and AJ relays only 
AF, AG, AJ, and AL Relays AK and AM Relays 

1. Gram gauge for back tension and Ll. Gram gauge for back tension (70D) 


buffer tension (70D or 70J) 
2, Armature blocking tool (679A tool) 
2. Armature blocking tool (No. 627A 


tool) 3. Contact insulator (KS-14737, List 1); 
tweezers to apply contact insulator 
3. Contact insulator (KS-14737, List (KS-8511) 
1); tweezer to apply contact insu- 
lator (KS-8511) 4, Contact burnisher (266E) (Do not 


burnish contacts with gold overlay) 


A, Contact burnisher (266E) (Do not 
burnish contacts with gold overlay.) 5. Winding connector (624B tool) 
5. Winding connector (624B tool) 6. Balancing spring lifter (628A tool) 
6, Balance spring lifter (628A tool) 7, Balance spring adjuster (534F spring 
adjuster) 
7. Balance spring adjuster (No. 52324F, 


534G, 534H spring adjusters) 8. Tool for mass adjustment of contacts 
(H cabinet screwdriver) 
8. Tools for adjusting buffer spring 
(No, 363 and 534E spring adjusters) 9. Thickness gauge for contact operate 
point (184A) 
9. Tool for mass adjustment of contacts 


(H cabinet screwdriver) 10. Tools for removing card 
Spring holders (675A, 675B 
10. Thickness gauges for contact operate Spring holders (688A, 688B 
point (1718) Insulators (684A) 
11. Tools for removing ecard 11. Contact welding tools 
Spring holders (629A and 629B Stripping pliers (2) 
Spring holder and clamp (630A Welders (2) 
Spring holders (652A and 6528 Forming pliers 
Insulator (656A) ; 
12. Tool for adjusting individual twin- 
12, Contact welding tools contact wires (638A) 
Stripping pliers (2) 
Welders 


13. Tool to connect to fixed contacts 


Forming pliers (651D and 639A) 


13. Tools for adjusting individual twin- 


contact wires (638A) 14. Cover wire bail adjuster (485A 
pliers) 
14. Tool to connect to fixed contacts 
651B, 651¢, or 651D and 639A) 15. Coil replacement tool kit (1014B) 
Fig. VIII-1) for AK relays only 
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TABLE VIII-1 


CONTACT GAUGING IN MILS 


M Spec or Readjust Wired Equipment Test 
Or Before Turnover Test 
At Card At Stop Discs or Dome At Stop Discs Or Dome 
Min Max Min Max Min Max 
AF, AL 
» BY 6.0 Te 45 12.0 3.0 13.5% 
EM, EB 19.0 30.0 1335 21.5 12.0+ 23.0 
PM, PB 32.0 43.0 23.0 31.0 21.5 32.5 
Buff. Spe ae) 10.0 3.0 7.0 15 8.5 
AG, Ad 
» B* 6.0 17.0 5.0 14.5 Bab 16.0+ 
EM, EB 19.0 30.0 16.0 25.5 W4.5t 27.0 
PM, PB 32.0 43.0 27.0 36.5 25:45 38.0 
Buff. Spe 4.0 10.0 345 8.5 135 10.0 
AK, A 
8 6.0 17.0 5.0 15.0 Bb 16.5+ 
FM, EB 19.0 30.0 16.5 26.5 15.0t 28.0 
Specified in M Spec M Spec BSP 
and BSP 


*Relays with seven or more springs and spring combinations, number 1 to 199 and 500, 
‘shall meet the following requirement: With a 0.007-inch gauge inserted between the 
armature and the armature backstop, the make-contacts shall not close and the break- 
contacts shall not break. 


+Not to be checked on EBM or EMB spring combinations. A visual check for sequence is 
made instead. (See text.) 


Armature Travel Maintenance Test (Specified in BSP) 
— Spring At Stop Disc At Backstop 


AF, AG, Ad, AL Comb. No. Min Min 
Short (6 or less spring pairs) 1 to 199, and 500 1.5 4.5 
Short (7 or more spring pairs) 1 to 199, and 500 ava: 7.0 
Intermediate 200 to 399 1.5 7.0 
Long 400 to 499 Ls 10.0 
Buffer Spring Les - 

AK, AM 

Short 1 to 199 1.5 WS 
Intermediate 200 to 399 LD Hes) 
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CAPABILITY DATA 


requirements for any spring combination, the 


follow 


Tn considering ampere turn adjusting 
ing must be considered: 
The magnetic capability of the re- 


lay, including the size, flatness, 
and quality of the magnetic parts; 


2, The operated airgap, or stop-dise 
height ; 
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stop~dise height, determines the 
armature travel; 


4, The gram loads at the critical 
points in the travel. 


With such a large number of variab 


it does not seem reasonable to assume all 


contributing factors at their extreme 
limits. The gram loads, therefore, have 
been taken as maximum and the airgaps as 


Introduction Ix- AF Relay - Nonoperate 
‘ ; : IX-12 AF Relay - Hold 
This section describes the method of : 
determining the spring loads and current Tx=15 = Becred - Release From Operated 
flow requirements for the wire spring rK~ 14. neice 2 Relédse Bron Pick 
relays. These loads have been tabulated for : atic, ap 
the AF, AJ, and AK relays. The AG relays ae 2 ¢ , 
are treated in more detail in Part II due ike 15 eres ~ Release With Special 
to their precise release-time requirements. IX-16 AJ Relay - Operate 
Pull curves are provided from which IX-17 AJ Relay - Nonoperate 
the operate, nonoperate, hold, and release IX-18 AJ Relay - Hold 
ampere turns may be obtained. The ampere IX-19 AJ Relay - Release From Operated 
turns required to operate various numbers Position 
of springs on the AF and AJ relays have Ix-20 AJ Relay - Release From Pickup 
been tabulated, Position 
The following tables and pull curves Peet ee. ~ Release With Special 
form a part of this section. TX-22 AJ Relay With Laminations - 
Tables: Operate 
IX-1 Procedure for Obtaining Operate and TX-23 mecca eee Taminations - 
hae oo Turns for AF, AJ, and Tx-2. AJ Relay With Laminations - 
elays - 
= paren ‘ . ‘ Hold 
oe ee ee ats Oe eee «—-«sBe25 A Reloy With Laminations = 
Relays 3 2 2 Release From Operated Position 
TX-3 AF Relay - Operate Ampere Turns mia Bees eee bicnip Poel ack 
Tx-4 AJ Relay - Operate Ampere Turns IX-27 AJ Relay With Laminations - 
IX-5 AJ Relay With Laminations - Operate Release With Special Gauging 
Ampere Turns z= 7 
IX-6 Procedure for Obtaining Release Am- Tx-26 oe oo a 
pere Turns for AF, AJ, and AK Relays Disease Marginal Operate Data 
IxX-7 Procedure for Obtaining Operate and IxX-29 AJ Relay - With or Without 
Hold Ampere Turns for AG Relays Laminations 0,014-Ineh Stop 
1xX-8 Procedure for Obtaining Nonoperate ee Marginal Release Data 
a Release Ampere Turns for AG IX-30 AJ Relay - With or Without 
elays ram: S 
IxX-9 AG Relay - Critical Operate Loads oe 
IX-10 AG or Slow Release AK Relays - Data 
Maximum Operated Loads 7 aor ' 
IX-11 AG or Slow Release AK Relays - ites? ai acrcs a eee oe ett eee 
Minimum Operated Loads Dises - Marginal Release Data 
Pull Curves - Figures: TX-32 AK Relay - Operate 
5 : Peper IX-33 AK Relay - Nonoperate 
ae eee ee a TxX-3, AK Relay - Hold and Release 
2 inimum Load Buildup IxX-35 AK Relay - Hold and Release 
Ix-6 AG Relay - Hold and Release Ampere Turns and Time - 0.069- 
Ampere Turns and Time Inch Copper Sleeve 
IX-7 AG Relay ~ Operate IxX-36 AK Relay - Hold and Release 
IX-8 AG Relay - Nonoperate Ampere Turns and Time - 
IX-9 AG Relay - Release Times With Shunt Domed Armature 
IX-10 AF Relay - Operate 
PART I - AF, AJ, AND AK RELAYS 
General 3, The maximum airgap which, with the 


les, 
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nominal. The nominal air gap values may be 
used in considering maximum critical loads 
because, for the small percentage of cases 
where the maximum loads are combined with 
inimum pull, maximum airgap, and unfavora- 


f the load at the backstop is too high, 

he armature travel cannot be changed to 
btain a smaller airgap, but the back ten- 
ion can be adjusted to compensate for this. 
onsidering the critical load point, if 
here is a large spread between contact 
etuations, the critical load point will be 
oward the minimum anyway. If there is a 
mall spread between contact actuations, a 
mass adjustment can be made to reduce the 
load point. 


ander oanodHoads 


The construction of the relay is such 
that for any stage the break-contact loads 
may be picked up earlier than the make-con- 
tact loads. However, to provide a simple 
method of computing spring loads and operate 
ampere turns, no differentiation has been 
made between the pickup point of breaks and 
makes. The resulting error in the load is 
small and usually on the conservative side. 


Contact: Actuation 


The wire spring relay uses a single 
card system with the single wires held in a 
fixed position. The twin wires are actuated 
by the moving card on the armature, either 
making or breaking contact with the single- 
wire contact. 


Makes 


The make twin wires are pretensioned 
toward the single contact, but held away 
from them by the tension of the balance 
spring against the moving card. Thus, they 
provide an opposing back tension tending to 
push the armature toward the core but 
counteracted by the balance spring. As the 
relay starts operating, the tension of the 
twin wires decreased in magnitude, resulting 
in an increasing balance spring load on the 
armature. This continues up to the pickup 
point where the twin wires just make contact 
with the single wire. During the next 
0,8-mil travel, the make load is transferred 
from the card, or armature, ‘to the single 
contact. At this critical load point, the 
make wire tension against the card becomes 
zero, resulting in further increased load 
on the armature. The make wire tension on 
the armature remains zero for the remainder 
of the armature travel as the moving card 
and twin wires separate. Fig. IX-1 shows 
how the load on the armature changes as the 
armature moves toward the core. 


Breaks 


In the unoperated position, the twin 
break wires rest against their mating single 


TXe2 


le contact gauging, adjustments can be made. 


contact. The twin wires do not touch the 
card and no load is on the armature at this 
point; therefore, no build-up of load 
occurs as the gap between the card and the 
twin wires closes to the pickup point. 
During the next O.8-mil travel, the load 

is transferred from the single contact to 
the card. From this critical load point, 
where the transfer is completed, to the 

end of the travel, the break spring load 
builds up at a small, but uniform, rate 

due to the buildup of the break spring 
wires, the balance spring, and the armature 
hinge. 


The load on the armature from com- 
bined make and break loads is shown in 
Fig. IX-1. The armature is held against 
the backstop by the balance spring tension. 
This tension has two components, the as- 
sumed back tension, holding the armature 
against the backstop, and the twin make 
wire spring tension, tending to operate the 
armature. As the armature moves toward 
the core, the load builds up at a slow 
uniform rate due to the buildup of the 
balance spring, armature hinge, and the 
contact spring. When the actuating card 
touches the break spring, there is 4 
vapid buildup of load until the break- 
contact opens, at which point the armature 
is carrying the full break spring contact 
pressure. 


As the armature continues its move- 
ment, the make-contact closes. At this 
point there is another rapid buildup of 
load as the twin wire make-contact tension 
tending to operate the armature is trans- 
ferred to the single contact. From this 
point on there is only the buildup due to 
the balance spring, armature hinge, and 
break-contact spring. 


For multiple stage loads, the load 
would increase in a similar manner as 
later stage makes and breaks are picked 


up. 


Critical Load Points 


The critical load points are the 
points in the armature travel where a major 
load change takes place, such as picking 
up @ break or a make twin contact spring. 
Fig. IX-2 shows a typical load buildup 
curve and pull curves indicating the way 
in which the critical load points control 
the ampere turns required to operate the 
relay. 


The critical load airgaps have been 
computed for the different armature travels 
and stop dises and are shown on Tabie IX-1. 
The loads at the critical points for relays 
with 0.006-inch stop discs are shown on 
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Fig. 


S Table IX-2, These loads assume that the 
‘Niast of all makes and breaks in each stage 
tis picked up at this point. 
Ps 
When considering marginal or sensitive 
relays, the adjustment should be computed on 
@ more exact basis. Fig. IX-4 shows the 
distribution of the contact pickup points 


CRITICAL LOAD 
POINTS 


PULL OR LOAD 


AIR GAP 


Fig. IX-2 - Typical Load and Pull Curve 
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BACK STOP 
POSITION 


IX-1 - Single Stage Load Buildup 


for marginal or sensitive adjustments. This 
figure will be discussed in more detail in 
Appendix A. 


Light Contact Forces 


In relay applications requiring great 
sensitivity, an extremely slow release, 
etc, a lighter contact force has been used. 
The loads are figured the same as for the 
standard force except that the nominal con- 
tact load is reduced from 13.3 grams at the 
card to 8.6 grams. 


Back 


Balance Spring, Armature Hinge, and 
Tension 


The balance spring is pretensioned to 
provide an initial tension on the armature 
of minimum 30 grams above that required to 
counteract the tension of the make-contact 
springs. Critical or sensitive relays may 
be figured with a back tension of minimum 
20 grams, and the lower tension is specified 
in the shop requirements and on the Circuit 
Requirements Table. The balance spring 
tension can be adjusted, if necessary, to 
meet the electrical requirements. 
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The thickness of the balance spring 
varies with the number of makes and arma- 
ture travel in accordance with the following 
table. 


Balance Springs 


No. : Thick- Buildup in 


of Travel* P ness Gm/Mil Travel 
Makes S I Lb Detail inch Min Nom Max 


AF and AJ Relays 


©) x x x 15A220 0.014 0.090 0.107 0.127 
1 x x x 158221 0.016 0.134 0.159 0.189 
2 x x x 15A221 0.016 0.134 0.159 0.189 
3 x x x 154226 0.018 0.189 0.225 0.267 
if x x x 150226 0.018 0.189 0.225 0.267 
5 x 154226 0.018 0.189 0.225 0.267 
5 x x 150222 0.020 0.258 0.307 0.364 
6 x x x 15A222 0.020 0.258 0.307 0.364 
7 x 15A222 0.020 0.258 0.307 0.364 
7. x x 154223 0.022 0.338 0.403 0.478 
8 x x x 154223 0.022 0.338 0.403 0.478 
9 x 150223 0.022 0.338 0.403 0.478 
9 x x 15Ae2k 0.025 0.494 0.588 0.697 
10 x x 15a22h 0.025 O.4gh 0.588 0.697 
10 x 150225 0.025 0.494 0.588 0.697 
11 x 1sAe2. 0.025 0.494 0.588 0.697 
ai x x 150225 0.025 0.49 0.588 0.697 
12 x x x 158225 0.025 0.494 0.588 0.697 
el. x 15A334% 0.032 1.030 1.230 1.460 
a4 x 11F880 0.036 1.452 1.696 1.977 
AK Relays 
Otc2 x x 10B698 0.018 0.175 0.209 0.2h9 
3t05 x x 1OB697 0.020 0.234 0.278 0.330 
*§ = Short 
T = Intermediate 
L = Long 


A thicker balance spring may be speci- 
fied to facilitate meeting a nonoperate or 
release requirement. 


The balance spring tension, plus a 
buildup of 1 gram per make-contact per 
stage, is added to the spring load at the 
critical points in computing the total gram 
loads. The 24-make relay requires an extra 
heavy balance spring which if figured as 
e+ grams per stage. 


The armature hinge is assumed to have 
an initial load of zero grams and builds up 
at a uniform rate of 7 grams per stage for 
AF, AJ, and AK relays. 


Buffer Springs 


Buffer springs are provided to aid in 
meeting a release requirement. The buffer 
spring is provided on a code basis and is 
used normally in adjusting the relay if the 
specified release cannot be met without its 
use. This spring is picked up with a mini- 
mum 0,004=inch, maximum 0.010-inch gauge at 
the center line of the card. 


The buffer spring load is thus picked 
up after the last critical load point. 
ally, it should not affect the operate 


Ix-4 


Norm- 


ampere turns, but the operate load where 
the buffer spring is picked up should be 
checked to be gure that the operate is not 
affected. The buffer spring tension is 
effective only with less than the maximum 
spring load and thus will not affect the 
hold ampere turns. 


Determination of Airgaps 


The backstop position is set by the 
core plate and the core, while the operated 
position is controlled by the stop disc 
height. The airgap with the armature at 
the backstop is dimension A of the core 
plate minus the 0,058<inch armature thick- 
ness. The height of the stop disc has no 
effect on this. The tolerances affecting 
the unoperated airgap total +0,005 inch and 
are due to variations in the core plate 
dimension A, the armature flatness, and the 
armature thickness. Dimension A for the 
various travels and stop discs is shown on 
Table IX-1. A short travel relay with 
0,006-inch stop dises will have a nominal 
unoperated airgap of 0,092 inch - 0,058 inch 
= 0,034 inch £0.005 inch, The minimum 
airgap for a nonoperate would be 0.034 ineh ~ 
0,005 inch = 0,029 inch. 


The armature stop discs set the 
operated position of the armature. With 
0.006-inch stop dises, the armature is 
parallel to the core in the operated posi- 
tion and the gap at the center line of the 
ecard is the same as that at the stop disc. 
This is because the armature hinge holds 
the rear of the armature 0.006 inch away. 
from the core. With larger stop discs, 
there is, effectively, a triangle on top of 
a rectangle as shown in Fig. IxX-3. The 
triangular part, ie, the difference be- 
tween the stop dise height and 0.006 inch, 
is cohverted to the center line of the card 
by dividing by the a/b ratio of Fig. Ix-3. 
For example, with 0.022-inch stop discs 
average 0.0235) on an AF relay, the 
average effective stop-disc height at the 
center line of the card is: 


0.006 inch + 


0.0235 inch - 0.006 inch _ 0.030 inch 


0.71 


Operate Ampere Turns - Simplified Method 


The simplified method of computing 
the operate ampere turns is recommended for 
general use. The detailed method described 
later should be used for marginal or sensi~ 
tive requirements where a more precise 
method may enable more difficult circuit 
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Fig. IX-3 - Airgap Relationship 


conditions to be met. The simplified method 
of computing the operate ampere turns for 
standard adjustments is shown on 

Table IX-1, This table also shows the 
airgap values for the different armature 
travels and stop discs. The critical load 
points and maximum operated loads computed 
in this manner are shown on Table Ix-2. 
This table is calculated on the basis of 
0,006-inch stop discs, but may be used for 
any stop dise by substituting the proper 
airgap from Table IX-1. The operate ampere 
turn values have been computed and are 
shown on Tables IX-3, IxX-4, and IX-5 for 
the AF and AJ relays and the AJ relay with 
laminations. 


Operate Ampere Turns - Detailed Method 


This method of computing the operate 
ampere turns gives more accurate results 
than the simplified method. It is used on 
sensitive or marginal relays where the re- 
quirements figured in the normal manner 
fail to meet the circuit requirements. 


Fig. IxX-4 shows the maximum load 


curves from which the load buildup for any 
spring combination may be determined. This 
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curve starts with an assumed back tension 

at the unoperated airgap; has a slight 
buildup tg the point where the contacts 
make, or break; and then a rapid buildup 
occurs for a small travel interval. The 
make-contacts at the pickup point have a 
load of 13.3 grams +25 percent. At the 
backstop, this tension will be 13.3 grams 
plus the buildup in tension from the pickup 
point to the backstop. 


After contact actuation, there is a 
small buildup on break-contacts to the end 
of the travel. For intermediate travel, 
there are two stages of contact pickup; 
for long travel, three stages. 


The buildups. for the various thick- 
ness balance springs and the armature hinge 
are also shown. 


The actual method of using the load- 
buildup curve to determine the ampere turn 
operate is shown in Appendix A. 


Nonoperate Ampere Turns 


No load tables are needed for the 
nonoperate ampere turn values as the back 
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Core Plate P Number 


Minimum Core 
Stop Unoperated Plate Ordinary Long 
Travel Discs Airgap Dim. A Duty Life 
Inch : 
Short 0,006 0,029 0,092 15A212 15A215 
Intermediate 0,006 0.047 0.110 15A213 15A216 
Long 0.006 0,063 0.126 15A214 15A217 
Short 0.014 0,040 Q,103 15A280 15A279 
Intermediate 0.014 0.058 0,121 15Ae77 15A281 
Long 0,014 0.074 0.137 154278 - 
Short 0,022 0. O47 0,110 15A213 15A216 
Short (special) 0,006 0.020 0.083 15A282 - 


tension, stop discs, and armature travel are 
the only significant factors. The non- 
operate ampere turns are obtained by 

reading the back tension at the minimum 
unoperate airgap on the nonoperate pull cur- 
ves Fig. IxX-11, IxX-17, IX-23, or IX-33. ‘The 
minimum airgaps are tabulated above. 


The back tension is usually taken as 
30 grams, but this may be increased to 
60 grams with no change in spring thickness, 
or to a maximum of 85 grams by using the 
next thicker balance spring. A still higher 
nonoperate may be obtained by using a 
balancing spring two sizes thicker. This 
allows a maximum back tension of 115 grams. 
Any increase in tension over 60 grams must 
be added to the critical load points. A 
higher nonoperate may also be obtained by 
using an airgap higher than that required 
for the spring combination, The speed 
coils (4.4-, 16-, 270-, 395-, 400-, and 
700-ohm coils) have a maximum armature back 
tension of 60 grams specified in the M speci- 
fication. Nonoperate or release require- 
ments for these coils should not be figured 
on a back tension greater than 60 grams. 
The back tension requirement in the M speci- 
fication for these relays with a nonoperate 
or release should be maximum 80 grams. 


Where no nonoperate adjustment is 
specified and an equivalent nonoperate is 
desired for time studies, or for considera- 
tion in a marginal circuit, the equivalent 
nonoperate is assumed to correspond to 
30 grams at the minimum unoperated airgap. 
This nonoperate should be met without 
readjustment and should be used, if possible, 
when adding a nonoperate requirement to 
existing relays. 


Hold Ampere Turns 


The maximum load in the operated 
position is the critical point for the hold 
ampere turns. These maximum loads are shown 
on Table IX-2 and read on the hold puil 
curve to determine the hold ampere turns. 
The operated airgap for hold is based on 
the maximum stop-pin height and corrected 
to the equivalent gap at the center line of 
the card. These operated position alrgaps 
are shown on Table IxX-1. 
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Release Ampere Turns 


The procedure for obtaining the re- 
lease ampere turns, together with the 
critical release loads, is Shown on 
Table IX-6. The critical release loads 
shown on Table ILX-6’are based on a back 
tension of 30 grams, but the nominal 60-gram 
tension may be used by increasing the re- 
lease loads by 30 grams. This does not 
change the operate requirements. The 30- 
gram back tension gives a release require- 
ment that can be met with the minimum amount 
of adjustment and should be used where it 
will meet the circuit conditions. 


A relay may be tensioned up’to an 85- 
gram back tension to meet a release circuit 
condition by using the next thicker balanc- 
ing spring. This, however, requires that 
the operate loads at the critical points be 
increased by the amount the back tension is 
raised above 60 grams. Where critical re- 
lease conditions are involved, a more exact 
release requirement may be computed using 
the minimum load buildup curve (Fig. IX-5). 
The method of using this figure is the same 
as shown in Appendix A for figuring the 
operate. 


Current Flow Requirements 


The current flow requirements are ob- 
tained by dividing the ampere turns by the 
specified turns. The operate and hold re- 
quirements must be increased and the nonop- 
erate and release decreased, if necessary, 
to use values that are readable on the 35F 
relay test set. 


The 35F relay test set has four scales 
with the nearest readable value as shown 
below: 


Readable 
_Seale folerance 
ma 
0-3 £0.02 
3-15 +0,10 
15-75 +0 50 
75-750 +5 00 
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Check Adjustments 


Multiple-wound relays may be used 
with the windings in series or with the 
windings in separate operating circuits. 
The current flow requirements for the first 
condition are computed the same as for a 
single winding equivalent to the sum of the 
turns of the two windings. 


Where each winding has a different 
operating condition, readjust requirements 
are computed for one winding in the normal 
manner. Check adjustments are computed for 
the other winding, or windings, assuming a 
+5 percent variation in turns on the wind- 
ings. This is necessary in order to insure 
that any relay, adjusted on the winding that 
has the. readjust requirements, will always 
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meet the requirements on the check winding 
provided the check winding has the proper 
number of turns. 


The method of computing the check 
readjust or test requirements is as follows, 
assuming that the primary winding is the 
adjusting winding. 


Operate - Prioperate x pri turns x 105% 
. sec turns 


_ pri hold x-pri turns x 105% 


sec turns 


ri nono i ¢ 
Nonoperate - nonoperate x pri turns 
sec turns x 105% 


_ pri release x pri turns 
Release sec turns x 105% 


Hold 
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PART If - AG RELAYS AND SLOW RELEASE AK RELAYS 


AG Relays 


The AG relay is a slow release wire 
spring relay having a maximum capacity of 
12 transfers. An AG relay with the lightest 
contact load is capable of providing a 
minimum release time of 0.380 second. 
The maximum release time is generally 2 to 
2-1/2 times the minimum release time. 


Instead of stop discs, which are pro- 
vided on the AF and AJ relays, the AG relay 
has a dome embossing on the armature pole 
face. In the operated position of the arma- 
ture, the dome touches the center leg of the 
core. This provides a relatively uniform 
point of contact between the armature and 
the core and thereby minimizes the effects 
of varying alignment of the armature and 
the core on the release times. The core of 
the AG relay is hydrogen annealed to obtain 
the permeability and coercive force 
required, so that the AG relay minimum to 
maximum release time spread is within the 
required limits. 


Generally, the AG relay is provided 
with a short-circuited winding in the form 
of a sleeve over the center leg of the core. 
An aluminum sleeve of 0.046-inch wall thick- 
ness or @ copper sleeve of O0.046-inch, 
0,.091-inch, or 0,147-inch wall thickness is 
furnished as required to obtain the desired 
release times. Most AG relays are equipped 
with a buffer spring which is adjustable to 
provide additional load in the operated 
position for reducing or controlling the 
maximum release time. 


Relays having a copper or aluminum 
sleeve over the core are slower in operating 
than relays having only a single inductive 
winding. For this reason, where a fast 
operate, slow release relay is required, an 
AG relay may be used with a noninductive 
resistance in parallel with the inductive 
winding. The same arrangement may also be 
used where the required relay release times 
are less than those provided by the minimum 
size of sleeve. Instead of a sleeve, a 
short-circuited secondary winding may be 
provided. This is used only where the cir- 
cuit conditions require that the variation 
in relay release times shall be less than 
those obtainable with a sleeve. Where fast 
operate time is required, the secondary 
winding is short-circuited by a make-contact 
of the relay. 


Test and readjust hold and release 
current flow requirements are specified to 
control the releasing times of AG relays. 
The hold requirement determines the minimum 
release time and the release requirement 
determines the maximum release time. 
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Current flow requirements are more con- 
venient to apply than direct timing require- 
ments and are unaffected by variations in 
copper resistance due to changes in ambient 
and relay winding temperatures. These hold 
and release requirements shall not be used 
to meet any circuit marginal hold or 
release current conditions. A circuit cur- 
rent release condition is not desirable for 
an AG relay and would require special con- 
sideration. 


In the manufacturing specification 
for an AG relay, minimum and maximum 
release times, based on the readjust hold 
and release current requirements, are 
specified. In the shop, the relays are 
adjusted to the readjust hold and release 
current requirements, and the release time 
requirements provide a check of the dimen- 
sional and magnetic characteristics of the 
parts and their proper assembly in the 
relay. This assures that the relays as 
manufactured are capable of providing the 
required release times. 


Slow Release AK Relay 


The AK relay can be made slow release 
by using an embossing on the armature, 
similar to that of the AG relay, and a 
copper or aluminum sleeve over the core. 

It is not necessary that both units on the 
AK relay be made slow release, since one 
unit can have the embossed armature and 

the other unit the standard stop discs. 
Requirements similar to those of the AG 
relay are usually specified for the slow 
release AK relay, except the release re- 
quirements are not as effective in control- 
ling the maximum release time since buffer 
springs are not provided on the AK relays. 


Selection of Coded Relay 
List of Codes 


Section II of this specification pro- 
vides a list of coded AG and AK relays 
according to the number of contacts. 
the selection of a relay code is made, 
spare contacts may be tolerated, depending 
on the demand, as outlined in Section IT, 
page l. 


When 


Release Times 


The minimum and maximum test release 
times are given in Section II for each 
relay code, except where the relay does 
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not have a sleeve. These are the release 
time limits that the relay will not exceed 
with the relay adjusted within the test 
hold and release current requirements. 
These release times, although they are not 
specified in the circuit requirements table, 
are listed here for information purposes 
when selecting a suitable coded relay. The 
effect of heating or magnetic interference 
on the release times will be considered 
later in this section. 


Requirements for Circuit Requirements Table 


The current flow requirements given 
in Section II are the test and readjust 
operate, hold, and release requirements 
that shall be specified in the Circuit 
Requirements Table. With AG relays, as 
well as with AF and AJ relays, it is imprac- 
tical from a manufacturing consideration to 
have more than one adjustment for a relay 
code. This is because all wire spring 
relays are adjusted in the relay assembly 
shop in accordance with the M specification 
requirements. Accordingly, current flow 
requirements other than those shown in 
Table II-3 cannot be specified without 
changing the M specification requirements. 


A full soak (FS) requirement shall 
be specified in the soak column of the 
Circuit Requirements Table before all cur- 
rent flow requirements. The current fliow 
soak shown in Section II corresponds to 300- 
ampere turns saturation and is specified in 
the manufacturing specification as we have 
no control of the voltage used in the shop 
adjustment. The difference between the 
effect of FS and 300-ampere turns soak on 
the release time is negligible. 


Soak Effect 


The release times for AG relays are 
based on releasing after a 300-ampere turn 
soak. If the soak is less than 300-ampere 
turns, the releasing time will decrease by 
the following amounts. 


250 NI soak - 1.0% 
200 NI soak - 2.0% 
150 NI soak - 4.0% 


The circuit current should be applied 
to an AG relay for a period of time some- 
what longer than the actual operate time of 
the relay to insure that the full releasing 
time will be obtained. The minimum circuit 
closure should be 0.3 second for the 
O.147-inceh sleeve, and 0.2 second for 
the 0.091- and 0.046-inch sleeves. 
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Effect of Heating on Release Times 


Where a slow release relay has a long 
circuit holding time, an appreciable in- 
erease in winding resistance results, due 
to the temperature rise of the relay coil. 
A corresponding increase in the resistances 
of the sleeve and the core, or equivalent 
decrease in the sleeve and the core conduct- 
ance results. The effect is to reduce the 
minimum release times shown in Table II-3, 
which were determined on the basis of the 
relay at an ambient temperature of 80° F. 


The final winding temperature is 
obtainable from the information provided in 
Section IV. For the relay winding at 
final temperature T, the minimum release 
time is equal to the minimum release time 
at room temperature multiplied by 

1 


0.91 CRGY: The 0.9 factor allows for 
1 + 5B 


the sleeve and the core being at a lower 
temperature than the average winding 
temperature T. 


Effect of Magnetic Interference 


The effect of magnetic interference 
on the requirements and performance of AG 
and AK relays is covered in Section V. 


Operate Times 


Operate times may be determined from 
the data contained in Section VII, Part I. 
In general, operate times of AG relays are 
considered to be load=controlled. This is 
due to the time constant of the AG relay 
coil, including a sleeve where provided, 
being of such length as to result in an 
average operate time greater than 0.010 
second, 


General Design Information 


In determining the adjusting require- 
ments for glow releasing relays, the same 
factors are involved that are deseribed in 
Part I of this section for the AF and AJ 
relays under the headings "General" and 
"Contact Actuation." There are, however, 
some differences because of the dome embos- 
sing on the armature of the AG relay and 
some AK relays, as compared with stop discs 
on the armature of the AF and AJ relays. 
These differences are: 


1. The operated airgap is zero, since 
the dome embossing on the armature 
touches the core. For this reason, 
the airgap is the same as the arma- 
ture travel at all critical load 
points. 
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2. The critical load airgaps for 
determining operate and nonoperate 
requirements for AG relays and AK 
relays with the domed armature 
have been computed and are shown 
in Tables IxX-7 and Ix-8., 


3. For light contact force, the loads 
are figured the same as for the 
heavy contact force, except that 
the nominal contact load is reduced 
by 5 grams for each contact 
pair. 


The general procedure for designing 
an AG relay is as follows: 


1. Determine the maximum operated 
load, 


2. Determine the corresponding readjust 
and test hold ampere turn and current 
flow requirements. 


3. Select a sleeve so that the minimum 
release time required of the relay 
is met with the test hold require- 
ment. 


4, Determine the minimum operated 
load, and add the buffer spring 
load that is to be used (generally 
160 grams). 


5. Determine the corresponding read- 
just and test release ampere turn 
and current flow requirements. 


6. Determine the maximum test and 
readjust release times. 


7. Determine the operate readjust and 
test requirements, 


Details of this procedure are covered 
in subsequent pages of this section and in 
Appendixes B and C. The design of an AG 
relay with a sleeve is covered in Appendix 
‘B, and the design of an AG relay with the 
winding in parallel with a noninductive 
resistance is shown in Appendix ¢C. 


Balance Spring, Armature Hinge, and Back 


Tension 


Balance springs are pretensioned and 
are used to provide back tension to position 
the armature against the backstop. With 
make-contacts in the spring combination, the 
balance spring must also overcome the for- 
ward tension of the twin wire make-contact 
springs in keeping the contacts open in the 
unoperated position. For AG relays, the 
net back tension of 85 grams is used in de- 
termining the operate and release loads and 
20 grams in determining the nonoperate and 
hold loads. The balance spring tension and 
the buildup of the balance spring at the 
critical load points are included in the 
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spring load data in Tables IX-9 to IX-ll, 
inclusive. 


Balance Spring for 


AG Relays 
Thick- Buildup in 

No. of Travel* e ness Gm/Mil Travel 

Makes Ss I L Detail inch Min Nom Max 
0) A 15A220 0.014 0.090 0.107 0.127 
) J/ J 15A221 0.016 0.134 0.159 0.189 
1 JJ 15A221 0.016 0.134 0.159 0.189 
J J 158226 0.018 0.189 0.225 0.267 
2 fx. 154226 0.018 0.189 0.225 0.267 
2 J 158222 0.020 0.258 0.307 0.364 
3 Sf 15a226 0.018 0.189 0.225 0.267 
3 J 15A222 0.020 0.258 0.307 0.36) 
4 J J J 15222 0.020 0.258 0.307 0.364 
5 15Ae22 0.020 0.258 0.307 0.36) 
5 J J 158223 0.022 0.338 0.403 0.478 
6 J J Jf 158223 0.022 0.338 0.403 0.478 
7 fi XS 150223 0.022 0.338 0.403 0.478 
7 J ipsaeer 0.025 0.494 0.588 0.697 
8 iff 158223 0.022 0.338 0.403 0.478 
8 J/ J 15A224 0.025 0.494 0.588 0.697 
9 Lf af 1paeek 0.025 0.494 0.588 0.697 
9 Jf 158225 0.025 0.494 0.588 0.697 
10 J 15aeek 0.025 0.494 0.588 0.697 
10 J/ J 158225 0.025 0.494 0.588 0.697 
11 J J J 15A225 0.025 0.494 0.588 0.697 
12 J/ J J 158225 0.025 0.494 0.588 0.697 

*S = Short 

I = Intermediate 

L = Long 


The required thickness of the balance 
spring depends on the number of make-con- 
tacts used and the armature travel, as 
shown in the foregoing table. For the same 
spring combinations, balance springs for AG 
relays are generally thicker than those for 
AF and AJ relays because the back tension 
for AF and AJ relays is considered to be 
60 grams instead of 85 grams in computing 
the operate and release requirements. The 
greater back tension for AG relays allows 
for a wider range of operated load adjust- 
ment. 


The armature hinge is assumed to have 
zero load in the unoperated position. As 
the armature moves to the operated position, 
there is an additional load because of the 
stress in the armature hinge. At each 
critical load point, the increase in hinge 
tension is added to the contact load. This 
buildup of armature hinge tension is appro- 
ximately 1 gram per stage for operate and 
hold, and 0.5 gram per stage for release. 


Buffer Spring 


AG relays are generally provided with 
a buffer spring which is effective after 
most or all contacts have been actuated. 
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The buffer spring is adjustable and pro- 
vides for increasing the release load with- 
out materially affecting the operate ampere 
turns. The buffer spring load is adjusted 
as required, to take care of variations in 
release characteristics of AG relays as 
manufactured. Where a particular relay has 
a coercive force greater than average (poor 
anneal), the buffer spring is adjusted so 
that the release requirement is met. On the 
other hand, where a relay has a coercive 
force less than average (good anneal), the 
hold requirement is controlling and the 
release requirement can be met without any 
buffer spring load. By this means, a 
smaller difference between the hold and 
release adjusting ampere turn requirements 
is obtainable, and this reduces the spread 


between minimum and maximum release times. 


AG relays require the buffer spring 
where the balancing spring and contact 
springs do not provide the release load 
that is necessary for a 6-ampere turn 
readjust release requirement. This is the 
lowest readjust release recommended for AG 
relays in order to provide adequate margin 
for adjustment deterioration. 


Originally, only a 0.012-inch buffer 
spring was provided. TLIater a 0.016-inch 
buffer spring was made available. The use 
of either the 0,012-inch or the 0.016=-inch 
thick buffer spring is optional with the 
shop depending on which spring they find 
most desirable in meeting the release 
requirement of the relay being adjusted. 
The 0,012-inch buffer spring is capable of 
being adjusted to a maximum of 160-gram load 
at the center line of the card, and 0.016- 
inch buffer spring to 280 grams. 


Before the 0,016-inch buffer spring 
was made available, it was the general prac- 
tice to use the full 160-gram buffer spring 
load in calculating the readjust release 
requirement. This gives the least spread 
in release times and often makes the relay 
suitable for many circuit applications, 
thereby reducing the number of codes. » For 
future AG relay designs, the use of 160- 
gram buffer spring load will be continued 
as the standard; however, with the avail- 
ability of the thicker buffer spring, the 
buffer spring load may be increased to a 
maximum of 280 grams, if required. 


Minimum Release Time 


A particular AG or AK relay design 
meets the minimum release time required for 
circuit application by means of the speci- 
fied hold requirement and the size of the 
sleeve. These are determined as outlined 
briefly in the following paragraphs and as 
covered in greater detail in Appendixes B 
and C. 
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The readjust hold ampere turn require- 
ment is determined by the maximum operated 
load with the minimum armature back tension 
of 20 grams for the AG relay and 30 grams 
for the AK relay. The maximum operated 
loads are shown for the various spring 
combinations in Table IX-10, The maximum 
operated load read on the hold pull curve 
of Fig. IxX-6 or IX-35 gives the readjust 
hold ampere turn requirement. All AG 
relays have a readjust hold of not less than 
Q-ampere turns and generally a minimum of 
3-ampere turns difference between the hold 
and release readjust requirement. The 3- 
ampere turns provide a suitable adjustment 
range so that the relays are adjustable 
with normal adjusting effort. The test 
hold shall be 5 percent, but not less than 
l-ampere turn greater than the readjust 
hold. 


The minimum release time is obtained 
from Fig, IX-6 or IX-35. The test and 
readjust hold ampere turns are referred to 
the minimum time curve for the specified 
size of sleeve,and the minimum test and 
readjust release times are read on the 
ordinate scale. 


Maximum Release Time 


The specified release requirement and 
the size of sleeve selected for the relay 
determine the maximum release time. These 
are determined as outlined briefly in the 
following paragraphs and as covered in 
greater detail in Appendixes B and C, 


The minimum operated load, with an 
armature back tension of 85 grams for the 
AG or 60 grams for the AK relay, is used 
to obtain the readjust release ampere turn 
requirement. This load can be determined, 
for any particular spring combination, from 
the data in Table IxX-11. The minimum oper- 
ated load is applied to the release pull 
curve of Fig. IX-6 or IX-35 to obtain the 
readjust release ampere turn requirement. 
When a buffer spring is provided on the AG 
relay, an additional load of 160 grams is 
generally added to the minimum operated 
load and the readjust release ampere turn 
requirement is determined for this total 
operated load. With the introduction of 
the thicker 0.016-inch buffer spring, a 
maximum of 280-gram buffer spring load 
may be added. In most cases, however, 
the 160-gram added buffer spring load is 
sufficient to provide the required readjust 
release requirement and maximum release 
time. 


The minimum readjust release reguire- 
ment permissible for the AG relay is 6- 
ampere turns. The minimum difference be- 
tween the readjust hold and release ampere 
turns shall be 3-ampere turns. Where the 
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relay has a light contact load, the buffer 
spring must be provided in order to obtain 
at least 6 ampere turns readjust release. 
The test release is 2 ampere turns less 
than the readjust release. A test release 
below 4 ampere turns is undesirable because 
an adjustment range is approached where 
release performance becomes unreliable due 
to small differences in operated load caus- 
ing large differences in release ampere 
turns and release times. 


The margin provided between test and 
readjust requirements is greater for re- 
lease than for the hold because (1) the 
maximum release time is generally not as 
eritical as the minimum release time and so 
greater release requirement margin is per- 
missible and (2) the tendency is for the 
release time to increase due to wear, It 
is desirable to make allowance for this 
effect so that maintenance is not excessive 
and therefore, a 2-ampere turn spread 
between test and readjust release is 
generally provided. 


The maximum release time is obtained 
from Fig. IX-6 or IX-35. The test and 
readjust release ampere turns are referred 
to the maximum release time curve for the 
proper sleeve from which the maximum test 
and readjust release times are obtained. 


Operate Ampere Turns 
AG Relay 


The operate ampere turn requirement 
is based upon maximum loads, maximum arma- 
ture travel, and average contact gauging. 
The loads and the airgaps are at the center 
line of the card. The load at the backstop 
and at each critical load point is determined 
from the data shown in Table IxX-9. These 
loads include the balance spring load, ‘The 
operate ampere turns are read for the various 
loads at their respective airgap on curves 
of Fig. IX-7. Since a buffer spring is 
generally provided, a critical operate load 
occurs at the buffer spring pickup point, 
which is at the 0.007-inch airgap. This 
load is obtainable from the data shown in 
Table IX-9, and the operate ampere turns for 
this load are determined from Fig. IX-7. 
The greatest of the operate ampere turns for 
the various critical load points is specified 
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as the readjust operate requirement. For 
many of the AG relay designs the critical 
load in determining the operate ampere turns 
is the 85-gram back tension load at the un- 
es airgap (armature against the back- 
stop). 


AK Relay 


The operate ampere turn requirement 
for the AK relay with the embossed armature 
is figured as shown in Part I for the relay 
with the standard stop disc. 


Nonoperate Ampere Turns 


A nonoperate requirement is specified 
only where there is a nonoperate circuit 
condition or a minimum operate time require 
ment. A margin of 15 percent shall be pro- 
vided between the readjust nonoperate and 
the maximum circuit nonoperate current. 
Nonoperate requirements are not recommended 
on the slow releasing AK relays due to the 
difficulty of adjusting the balancing spring. 


The nonoperate readjust ampere turn 
requirement for the AG relay is determined 
by the minimum back tension of 20 grams 
at the minimum unoperated airgap which is 
shown in Table IX-8. The readjust non- 
operate ampere turn requirement is read on 
curves shown in Fig. IX-8. 


If the 20-gram back tension is 
insufficient to provide a suitable readjust 
nonoperate requirement, greater back ten- 
sion may be used. The added back tension 
must also be considered when determining 
the hold requirement. A thicker balance 
spring may be required and shall be in 
accordance with the recommendation of the 
switching apparatus group responsible for 
the AG relay. Another method for increas~ 
ing the nonoperate requirement is to use a 
core plate that is associated with a larger 
armature travel, which provides a greater 
unoperated airgap. 


Check Adjustments 


Check adjustments required for plural 
winding AG relays shall be determined in 
the same manner as outlined for AF and Ad 
relays. 
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PART TIT - AL AND AM RELAYS 


For AL and AM relays the adjustments 
of the relay that are implied by the cur- 
rent flow requirements are verified in the 
same way as the requirements of other wire 
spring relays. However, the technique for 
making current flow tests is different since 
the core of the relay can retain a magnetic 
bias and in some cases this significantly 
affects the outcome of current flow tests. 
The added steps in making current flow tests 
on magnetic latching relays are necessary to 
insure that the proper magnetic state has 
been obtained before each relay character- 
istic is tested. 


The operate and nonoperate (if speci- 
fied) current flow values are applied when 
the magnetic structure of the relay is in 
its zero flux state (demagnetized state). 

To obtain the zero flux state, the specified 
soak current is applied followed by the 
specified NF release (no flux release) cur- 
rent. These currents are applied in a 
manner that causes the. NF release flux to 

be in the opposite direction from the soak 
flux. Single-wound coils require current 
reversal. The soak current, specified with 
a negative (-) sign, will be in the same 
direction as the operate current, which also 
has a negative sign. All release currents 
will be specified with a positive sign indi- 
cating that these currents must flow in an 
opposite direction to the operate, non- 
operate, and soak currents. Double-wound 
coils are basically the same as single-wound 
coils except that the operate and soak cur- 
rents will generally be specified for the 
secondary winding. Some exceptions to these 
general rules will occur, usually because 
the secondary resistance may be so high that 
nonoperate and/or NF release currents cannot 
fiow from the standard central office bat- 
tery. The same sign convention will be used 
on both single- and double-wound coils. 


The release, nonrelease, and NF 
release current flow values are applied when 
the magnetic structure of the relay is in 
its saturated flux state (latched state). 

To obtain the saturated state, the specified 
soak current is applied. The specified 
release, nonrelease, and NF release currents 
are applied in such a manner that the 

release flux is in the opposite direction 
from the soak (saturate) flux, Single-wound 
coils require current reversal. The release, 
nonrelease, and NF release current will be 
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specified as a positive current. Double- 
wound coils are basically the same as single 
wound coils and it is intended that the 

flux resulting from release currents be 
opposite to the soak and operate flux. The 
release, nonrelease, and NF release current 
generally will be specified on the secondary 
winding except as noted previously. 


The AL and AM magnetic latching relays 
are not polar relays, ie, there is no pre- 
ferred operate direction. However, the mag- 
netic structure does exhibit a hysteresis 
effect such that the previous coil current 
affects relay performance when the next 
current is applied. Therefore, current 
flow testing results depend on the technique 
that is used to perform the test. The 
following sequence is recommended: 


Omit these 


Step steps when: 


1. Soak current 
2. NF release current 


3. Operate current flow 
test 


4, Soak current 
Nonoperate is 


NF release current not specified 


Nonoperate current flow 
test 


Soak current 


Nonrelease is 


Nonrelease current flow not specified 


test 


9. soak current 


10, Release current flow 
test 
11. Soak current 
12. NF release current Relay is to be 


left operated 


Note: If there is no circuit specifica- 
tion that the relay be left operated 
after it is tested, it should be re- 
turned to its released state. 
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Appendix A 


Gram Load Determination Using the 
Maximum Load Curve ~ Fig. IXx-4 


A brief description of the curves in 
Big. IX-4 will be helpful in describing its 
use. The gram load curves have several 
diagonal lines starting at the right side of 
the sheet. The meaning of the different 
lines is marked and needs no further explan- 


ation. These lines represent the negative 
buildup of the springs resting against the 
armature. They continue in a uniform manner 


until the make-contacts close, at which time 
there is a rapid change of tension to zero, 
where it remains until the end of the travel. 
Just before the make load is picked up, 
there is a rapid buildup of the break- 
contact load for a few mils travel. The 
break buildup then continues at a low, 
uniform rate until the end of the travel. 


The numbers under TRAVEL at the right 
top of the sheet (Fig. IX-4) have the follow- 
ing significance. 


P Preliminary contacts 
Early contacts 
Late contacts 


E 
L 
LONG L Starting point for late contact 
on long travel relay 
LONG E Starting point for early contact 
on long travel relay 
INT L Starting point for late contact 
on intermediate travel relay 
LONG P Starting point for preliminary 
contact on long travel relay 
INT E Starting point for early contact 
on intermediate travel relay 
SHORT L Starting point for late contact 


on short travel relay 


The four horizontal scales are for the 


following purposes. 


The top scale P) is for preliminary 
contacts, the next (EH) is for early contacts, 
the third (L) is for late contacts, and the 
lower scale (L SPL) is for contacts on a 
relay with a special travel. Thus, an early 
contact on a long travel relay would start 
on the E scale under LONG EB, and on an in- 
termediate travel relay on the E scale under 
INT E. A special travel relay is one that 
has a core plate that does not provide for 
the full contact gauging, such as a core 
plate for a 0.006-inch stop disc on a relay 
equipped with 0.0l4-inch stop discs. 
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Assume that it is desired to deter 
the maximum gram load for a relay having a 
spring combination consisting of 2EBM, 2EMB, 


4M, and 2B, 
Step 1: Examine the spring combina- 
tion to determine: 
Types of contacts. There are EB, EM, 
» and B contacts. 


unber of each type of contact. This is 
2EB, 2EM, 6M, and 4B. 


Whether makes or breaks are predominant. 
akes are predominant. Use curve 2, 


Balance spring required. 8 makes re- 


quires 0,022-inch spring. 
Armature travel: Intermediate. 

From curve find travel points 
for backstop, pickup, and 


critical load points (CLP). 
These are: 


. Step 2: 


Backstop travel point for intermediate 
travel: INT E) - 50 mils. 


first EB (break curve A, 


Early pickup: 
] mils. 


B scale) - 30.8 


Critical load point: second EM (make 
curve B, E scale) - 28.2 mils. 


Late pickup: first B (break curve A, 
L scale) - 17.8 mils. 


late critical load point: sixth M (make 
curve D, L scale) - 13.2 mils. 


Step 3 Find loads for each type of 
contact plus balance spring and armature 
at backstop, pickup, and critical load 
points for late and early contacts and 
zero airgap. Multiply the loads for 
each type of contact by the number of 
contacts of that type. These are 
shown on the following table for the 
combination assumed. 
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Back- Early Early Late Late 
stop Contact Contact Contact Contact Oper 
(CLP) Pickup (CLP) Pickup (CLP) Pos 
Travel 50 30,8 28.2 17.8 13.2 0 
2EB 9) fe) 29.6 30.6 31.2 32.4 
2EM - 35 - 33.2 6) re) fe) 6) 
AB O O 6) O 60 62.4 
6 ~108 -104 -102 ~99.6 ©) 9) 
Bal Spg 6) 9.5 11]; 16 18 23.5 
Armtr ) 7 8 11 12.6 16 
Step 4 
Bal Spg 
Tension 203 203 203 203 203 203 
Step 5 
Total Load 60 81.7 149.6 161 324.8 337.3 
Airgap 57 37.8 35.2 au 8 20,2 e 
NI Reqd 140 118 158 130 185 118 


The balance spring tension selected 
in step 4 is a plus load that will exceed 
the make contact load at the backstop by an 
amount equal to the chosen armature back 
tension. In the example above, the armature 
back tension is 60 grams. The same value is 
added to all gaps. The make-contact load at 
the backstop is an aiding load since it is a 
tension tending to operate the relay and must 
© be counteracted by the balancing spring ten- 
8 sion. When the make-contacts close, the 
h negative make-contact load against the arma- 
> ture becomes zero, and, in effect, a positive 
make-~contact load is picked up by the 
armature. 


These loads are read on the operate 
pull curves for the particular type of relay 
under consideration and at the airgaps 
corresponding to the travel points plus the 
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effective stop-dise height. The effective 
stop-disec heights are: 


Stop Average Effective 
Dise Stop Dise at Card 
AF Ad 
inch 
0,006 0,007 0,007 
0,014 0,019 0,017 
0,022 0,030 0,027 


The loads, computed as shown above, 
may be used in conjunction with the marginal 
capability data for the AJ relay, with 
0,014-inch or 0,022-inch stop dise (Fig. 28 
to 31). A typical use of these figures is 
in the design of the line supervisory relays. 
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Appendix B 
AG or AK Relay With Sleeve 


The hold and release requirements and 


the minimum and maximum release times are 


determined in the following manner. 


Since 


the circuit minimum release time is gener- 
ally of greater importance than the maximum 


release, 


the hold requirements and minimum 


release times are determined first. 


bss 
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Determine the maximum operated load 
in grams, for the particular contact 
arrangement, from Table IX-10, 


Read the readjust hold ampere turns, 
corresponding to the maximum operated 
load, on the hold pull curve of 

Fig. IX-6 or IX-35. 


Obtain readjust hold current in 
milliamperes by dividing readjust 
hold ampere turns by the winding (UV) 
tums. 


The test hold current = 1.05 x read- 
just hold current. The test hold 
current multiplied by the winding (U) 
turns gives the test hold ampere 

turns, which shall be at least 

1 ampere turn greater than the readjust 
hold ampere turns, If necessary, 
increase the test hold current to pro- 
vide the l-ampere turn difference, 


The test hold ampere turns are re-~ 
ferred to the minimum release time 
curves in Fig. IX-6 or IxX-35. A 
sleeve is selected that will provide 
an adequate minimum release time as 
read on the ordinate scale. The re- 
lease time obtained is the minimum 
test release time. 


The readjust hold ampere turns are 
referred to the minimum time curve 
of the sleeve selected in Fig. IX-6 
or IX-35. The release time as read 
on the ordinate scale is the minimum 
readjust release time, 


Determine the minimum operated load 
in grams for the particular contact 
combination, from Table IX-1ll. To 

this load is added the buffer spring 


10, 


Ll. 
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load (AG relays only), which is 
generally considered 160 grams. This 
is the maximum for a 0,012-inch buf- 
fer spring, but values up to 280 grams 
may be used for the 0,016-ineh buffer 
spring. 


On the release pull curve of Fig. IX-6 
or IX-35, read the readjust release 
ampere turns corresponding to the 

gram load (Item 7). The readjust 
release ampere turns shall be at least 
6 ampere turns. A minimum difference 
of 3 ampere turns between the read- 
just release and hold ampere turns 

is a design objective; however, in 
special cases where the required re- 
lease times make a smaller difference 
necessary, a smaller difference is 
allowable, but the difficulty and 

cost of adjustment will be increased. 


Obtain the readjust release current 
in milliamperes by dividing the re- 
adjust release ampere turns by the 

winding (U) turns. 


The test release current = 0.95 x read- 
just release current. The test 

release current multiplied by the 
winding (U) turns gives the test 
release ampere turns. <A minimum 
difference of 2 ampere turns between 
the readjust and test release 

ampere turns is preferred. A smaller 
difference is allowable where required 
by the release time limits. 


release ampere turns 

to the maximum time 
Sleeve selected in 

Fig. IX-6 or IX-35. The release 
time as read on the ordinate scale 

is the maximum readjust release time. 


The readjust 
are referred 
curve of the 


The test release ampere turns are 
referred to the maximum time curve 
of the sleeve selected in Fig. IX-6 
or 1X-35. The release time as read 
on the ordinate scale is the maximum 
test release time. 
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CAPABILITY DATA 


Appendix ¢ 


AG Relay - Release in Parallel with 


An. 


The hold and release requirement 
the value of the shunt resistor, and t 
minimum and maximum release times are 
mined in the following manner. Since 
circuit minimum release time is genera 
of greater importance than the maximum 
release, the hold requirements and min 
release times are determined first. 


1. Determine the maximum operated 1 
in grams for the particular cont 
arrangement, from Table IX-10. 


2, Read the readjust hold ampere tu 
corresponding to the maximum ope 
load, on the hold pull curve of 
Fig. IX-9. 


3. Obtain readjust hold current in 
milliamperes by dividing readjus 
hold ampere turns by the winding 
turns. 


The test hold current = 1.05 x rp 
adjust hold current. The test h 
current multiplied by the windin 
turns gives the test hoid ampere 
turns: which shall be at least 

1 ampere turn greater than the r 
adjust hold ampere turns. If ne 
sary, increase the test hold cur 
to provide the l-ampere turn 
difference. 


5. The test hold ampere turns refer 
to the minimum release time curv 
in Fig. IX-9 gives the minimum 
test release time in millisecond 
for a core conductance plus rela 
coil conductance of 100 kilomhos 


X-75509 


6. The minimum total conductance re 
quired with the resistor shunt i 


_ aes min rel time ) 10 
G, = \test rel time (Item 5) 


8, 

he 
deter- 
the 
lly 


imum 


Ls 


oad 
act 


rms, 
rated 


Les 


t 
(U) 


13. 


a 
old 
g (U) 


en 
ces 
rent 


red 
e 


Lb: 


8 
v 


is) 


QO Kmhos 
16. 


7. The minimum core conductance Ge at 


on the minimum Ge curve of 


Fig. IX-9. 


8. The minimum conductance of the 


the test hold ampere turns is read 


shorted winding Ge is equal to the 


conductance (Item 6 minus Item 7 


resistance of 
the external 
ohms is 


{winding (U) turns j 
[conductance (Item 8)]10 


9. The maximum total 
relay winding and 
shunt resistor in 


Ry 
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). 


the 


10, 


14, 


17. 


External Resistor 


The external resistor maximum value 
is the difference between maximum 
resistance (Item 9) and the maximum 
winding resistance. A suitable 
coded resistor shall be selected 
with resistance variation limits as 
required by the time conditions. 


The minimum conductance in kilomhos 
of the coil with the selected re- 
sistor in parallel = 

windin U turns] 
(coil max res + resistor max res)10 


The minimum test release time in 
milliseconds = test release time 
(Item 5) x 


conductance (Item 11 + Item 7) 


100 kilomhos 


The readjust hold ampere turns 
referred to the minimum release time 
curve of Fig. IxX-9 gives the minimum 
readjust release time in milliseconds 
for core conductance plus a 

relay coil conductance of 100 
kilomhos. 


The minimum core conductance at the 
readjust hold ampere turns is read 
on the minimum Ge curve of 

Fig. Ix-9. This value is usually 
close to that for Item 7. 


The minimum readjust release time 
in milliseconds = readjust release 
time (Item 13) x 


Conductance (Item 11 + Item 14 
100 kilomhos 


Determine the minimum operated load 
in grams for the particular contact 
combination, from Table IX-11l. To 
this load is added the buffer 
spring load, which is generally 
considered 160 grams. This is the 
maximum for a 0,012-inch buffer 
spring, but values up to 280 grams 
may be used for the 0.016-inch 
buffer spring. 


Read the readjust release ampere 
turns, corresponding to the gram 
load (Item 16), on the release pull 
curve of Fig. IX-9. A minimum 
difference of 3 ampere turns between 
the readjust hold and release ampere 
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CAPABILITY DATA 


18. 


19. 


20. 


el. 


IX-18 


turns is preferred; however, where the 
required release times make a smaller 
difference necessary, a smaller differ- 
ence is allowable but the difficulty 
and cost of adjustment will be increased. 


Obtain readjust release current in mil- 
liamperes by dividing readjust release 
ampere turns by winding (U) turns. 


The test release current = 0.95 x read- 
just release current. The test release 
current multiplied by the winding (U) 
turns gives the test release ampere 
turns. A minimum difference of 2 am- 
pere turns between the readjust and 
test release ampere turns is preferred. 
A smaller difference is allowable where 
required by the release time limits. 


The readjust release ampere turns re- 
ferred to the maximum release time 
curve in Fig. IX-9 gives the maximum 
readjust release time in milliseconds 
for a core conductance plus relay coil 
conductance of 100 kilomhos total. 


The maximum conductance in kilomhos of 
the relay coil with the resistor shunt = 
[winding (U) turns] +.50)* 


(coil min res + resistor min res)10 


2c. 


23. 


eu, 


25. 


26. 


The maximum core conductance at the 
readjust release ampere turns is read 
on the maximum GC, curve of Fig. IX-9. 


The maximum readjust release time in 
milliseconds = readjust release time 
(Item 20) x 


conductance (Item 21 + Item 22) 
100 kilomhos 


The test release ampere turns re- 
ferred to the maximum release time 
curve in Fig. IX-9 gives the maximum 
test release time in milliseconds for 
a relay coil conductance of 100 
kilomhos. 


The maximum core conductance at the 
test release ampere turns is read on 
the maximum Ge curve of Fig. IX-9. 


The maximum test release time in 
milliseconds = test release time 
Item 24) x 


—~ 


conductance (Item 21 + Item 25) 
100 kilomhos 
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CAPABILITY DATA 


TABLE IX-1 
Airgap Values Airgap (Center Line of Card) 

Relay Stop Core Plate Nom Opr Critical Load Point 
Type Dises Dim, A Travel Gauging Backstop Pos Tate Early Prel 
AF,AJ 0.006 0.092 0. 026 Std 0.034 0.010 0.019 - - 
AF,AJ 0.006 0.110 0,044 Std 0,052 O.O0LO 0.019 0.032 - 
AF,AJ 0.006 0.126 0.060 Std 0.068 0.010 0.019 0.032 0. 045 

AJ 0,014 0.103 0.028 Std 0.045 0.019 0.028 - - 

AJ 0,014 0,092 0.017 Spl 0,034 0.019 0.0245 - - 
AF 0.014 0,103 0.026 Std 0,045 0.021 0.030 - - 
AF 0.014 O.1el 0.044 Std 0.063 0,021 0.030 0.043 - 
AF 0.014 0.137 0,060 Std 0.079 0.021 0.030 0.043 0.056 

AF 0,022 0,110 0,025 Std 0.052 0.0285 0.038 - - 

AJ 0.014 0.121 0.046 Std 0.063 0.019 0.028 0.045 - 

AJ 0.006 0.083 0.017 Spl 0.025 0.010 0.015 - - 
AK 0.005 0.105 0.026 Std 0.032 0,007 0.015 - - 
AK 0.005 0. 087 0, O44 Std 0.050 0.007 0.015 0.027 - 


Note: The above airgap values (all given in inches ) are to be used for general 
purpose relays only. For marginal relays, use Fig. Ix-4. 


Procedure for Obtaining Operate and Hold Airgap Values 
Ampere Turns for AF, AJ, and AK Relays 


1. For airgap at the backstop, nominal 
travel and stop-dise heights are 


Load Buildup assumed. 
2. For critical load points, nominal 
The critical loads shall be determined gauging values and stop-disc 
using the following assumptions. heights are assumed. 


The airgap values at the backstop and 
at the critical load points for the coded 
1. The back tension, including friction, 
shall be 60 grams, except that this AF, AJ, and AK relays are as shown above. 
may be adjusted in extreme cases to 
30 grams to permit 18 contact pairs Opere te ener Tuas 


oe Phe ae Peleg: Using the load and airgap values de- 


seribed above and shown in Table IX-2, the 


2 munanp, of the erature sosing,.aberaue cobebiuty eurves mich ae’ ae” 
at the backstop. follows: 
AP Relay Figure IX-10 
3. Buildup of the balance spring shall ie ate eas oe oe 
be 1 gram per contact per stage, cena ae 
een eee eee Gee ee “whe AK Relay Figure IX-32 


one exception to the 12 gram maximum 
is the 24 make relay with 24 grams 
per stage buildup. 


Procedure for Obtaining Hold Ampere Turns 
for AF, AJ, and AK Relays 


For hold, maximum loads in the oper- 
ated position are critical. Thus loads are 


4, Contact force at the center line of built up as for the operate, then continued 
the card due to contact pickup shall one further stage, following the same rules, 
be 11 grams for light, 16 grams for to operate the operated loads. These maxi- 
standard, and el grams for heavy mum operated loads are shown in Table IX-2. 


contact force relays. 
To determine the ampere turns required 
to hold, use the maximum load with Fig. IX-12, 


5. Contact spring tension buildup TX~-18, IX-24, or IX-34 selecting the appro- 
shall be 1/2 gram per contact per priate number of contacts, armature travel, 
stage, starting at the contact relay type, stop dises, and soak ampere 
pickup point. turns. 
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CAPABILITY DATA 


Zz 
re) 


Cont 


oa 
DEHO WOON NE WH 


Ht 


+ 
Ww 


ee 
Ww 


| makes 


For Use in Figuring Operate 


TABL 


AP, AJ, AN 


EH IX-2 


D AK RELAYS 


CRITICAL LOAD POINTS 
AND 


MAXIMUM OPERATED - LOADS 


For Use in Figuring Hold 


The airgap values apply only for the relays 
with 0.006-inch stop dises (0.005 for the 
The critical loads apply with 


AK relay). 


any stop dises, 


subtract 5 grams per contact. 


but for light contact force, 
Standard 


gauging values apply in all cases. 


The maximum load values assume 60 grams 
back tension. 


TX-20 


If this is changed, 


the 


Critical Load - Grams Max Operated Load - Grams 
Travel and Airgap 

Short Intermediate Long Inter ~ 

Late BS Late Early Bs Late Early Prel BS Short mediate Long 
19. BA 19 32 52 19 32 45, 68 ‘Travel Travel Travel 
84 60 - 84 60 - - 84 60 93 - - 
101 60 110 101 60 ~ 110 LOL 60 111 120 - 
118 60 128 118 60 138 128 118 60 130 140 150 
135 60 LAT 135 60 158 147 135 60 148 160 171 
152 60 165 152 60 178 165 152 60 166 180 192 
169 60 184 169 60 197 183 169 60 185 200 213 
186 60 202 186 60 216 202 186 60 204 219 23h 
203 60 220 203 60 236 220 203 60 222. 239 255 
220 60 238 220 60 255 238 60 240 258 276 
237 60 256 237 60 274. 256 60 259 278 297 
254 60 274. 254, 60 egu 274 60 278 298 318 
271 60 293 27 ad: 60 314 293 60 296 318 339 
287 60 309 60 330 309 60 312 334 356 
303 60 326 60 346 326 60 329 352 372 
319 60 342 60 362 342 60 346 368 388 
335 60 358 60 377 358 60 362 385 Lod. 
351 60 374 60 396 60 378 4.02 hou 
367 60 390 60 AV. 60 395 418 439 
383 60 406 60 428 60 412 4.35 456 
399 60 423 60 AMY 60 428 452 473 
415 60 439 60 4.60 60 Ady 468 490 
431 60 456 60 477 60 461 4.86 507 
447 60 472 60 493 60 478 502 Bey 
463 60 488 60 510 60 494 519 541 
475 60 506 


operated load is changed by the same 
amount. 


For AJ relays with 20 or more springs, 
the load may be assumed to be somewhat 
dispersed and the critical load gap 
may be reduced by 0.003 inch if 
necessary. 
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CAPABILITY DATA 


TABLE IX-3 


AF REL 


tl 
5 
KK 


OPERATE AMPERE TURNS 


No. Short Intermediate 
Contacts Travel Travel Long Travel 
= == L+E B T-FE+P B+P =P 

1 98 - 130 = = 157 
2 98 130 130 7 157 157 
3 98 130 132 157 157 167 
4 101 130 LAL 157 157 178 
5 107 130 151 157 157 192 
6 114 130 160 157 169 207 
7 120 130 169 157 180 222 
8 127 132 181 157 191 eAL 
9 133 139 192 157 204 

10 139 146 203 157 218 

11 1LA5 152 218 160 237 

12 151 159 233 169 258 

13 157 167 179 279 

14 164 177 190 315 
5 ive 187 205 

16 183 199 2069 

Le 195 2067 

18 206 206# 

19 206* 


* Assumes back tension adjustment 40 grams 
+ Assumes back tension adjustment 50 grams 
# Assumes back tension adjustment 35 grams 
§ Assumes back tension adjustment 45 grams 


Note: This table is for use only for relays with 0.006-inch stop 
discs. When other stop discs are used, use Table IX-1 and Table Ix-e 
with operate capability curve, Fig. IX-10. For marginal relays, use 
Fig. IX-4 with operate capability curve. 


Example: 


Assume the operate is desired for a relay with a spring combination consisting of 
2EBM, 2EMB, 3M, and 2B. Armature travel - intermediate. 


The spring combination has a total of 13 contacts, 4 early and 9 late. Under 
intermediate travel, 4 contacts in column E requires 141 ampere turns and in 

column I+EB, 13 contacts requires 167 ampere turns. Thus 167 ampere turns is 

required for the spring combination assumed. 
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CAPABILITY DATA 
TABLE IX-44 
Ad RELAY 
OPERATE AMPERE TURNS 
No. Short Intermediate 
Contacts Travel Travel Long Travel 
L+E E T-HE+P EP 3p 
1 91 - 126 - = 157 
2 91 126 126 2 157 157 
3 91 126 126 157 157 160 
4. 91 126 £38 157 157 173 
5 96 126 142 157 157 186 
6 101 126 151 157 159 199 
7 107 126 160 157 168 212 
8 113 126 169 157 178 229 
9 118 126 179 157 189 
10 123 129 188 157 200 
11 128 135 199 157 213 
12 1.34. 141 211 157 227 
13 139 147 157 240 
14 145 153 160 256 
15 150 159 167 275 
16 156 164 173 298 
17 162 172 181 
18 168 180 191 
19 176 188 200 
20 184 198 211 
al 193 207 222 
22 202 220 236 
23 213 233 251 
a4 227 4s 267 


eu makes 235 


Note: This table is to be used only for relays with ©.006-inch stop 
discs. When other stop discs are used, use Table IX-1 and Table IxX-2 
with operate capability curve, Fig. IX-e2. For marginal relays, use 
Fig. IX-4 with capability curve. 
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CAPABILITY DATA 
TABLE IX-5 
AJ RELAY WITH LAMINATIONS 
OPERATE AMPERE TURNS 
No. Short Intermediate 
Contacts Travel Travel Long Travel 
L+H B L+E+P E+P ~ Pe 

a 91 - 126 - - 157 
2 91 126 126 - 157 157 
3 91 126 126 57 157 159 
4 91 26 131 57 157 171 
5 96 26 139 57 Lb57 182 
6 101 126 147 157 157 193 
Ka 106 126 154 Gwe 162 203 
8 112 26 162 157 171 217 
9 117 26 L171 157 180 

10 22 L27 180 157 189 

11 127 133 189 157 199 

12 32 138 197 157 209 
3 137 143 L5f 218 

14 i4e 148 157 227 

15 146 153 159 237 

16 151 158 164 2u7 

17 156 163 169 

8 161 168 175 

19 166 174 180 

20 171 179 187 

el 176 184 193 

22 182 190 199 

23 187 196 206 

24. 193 202 aie 

24 makes 200 


Note: This table is to be used only for relays with 0.006-inch stop 
discs. When other stop discs are used, use Table IX-1 and Table IXxX-2, 
with operate capability curve, Fig. IX-16. For marginal relays, use 
Fig. IX-4 with operate capability curve. 
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TABLE IxX-6 


AF, AJ, AND AK RELAYS 


PROCEDURE FOR OBTAINING RELEASE AMPERE TURNS 


CRITICAL RELEASE LOADS 
Short Intermediate Long Travel 
Total No. Opr Load at Total No. Opr WNo.Farly Load at Total No. Opr No. E+P Load at 
Contacts Load Pickup Contacts Load Contacts Late PU Contacts Load Contacts Late PU 
1 47 33 1 - 1 69* 1 - 1 - 
2 59 34 2 64. 2 80* 2 = 2 glx 
3 73 35 3 78 3 g1l* 3 83 3 LO5* 
4 86 36 4 92 4. 102* 4 98 4 L16* 
5 99 37 5 106 Bi) LL 3% 5 113 5 Le7* 
6 112 38 6 20 6 124 6 128 6 138* 
7 125 39 7 134 4 135 7 143 7 149* 
8 138 oO 8 148 8 146 8 158 8 160 
9 151 Al 9 162 9 157 9 173 9 Ld 
10 164, 42 10 176 10 168 10 188 10 182 
1 177 43 11 L9O 11 179 11 203 11 193 
12 190 Ady 12 204, 12 190 12 218 12 204, 
13 201 yy 13 215 13 229 
14 212 uy 14 226 14 240 
15 223 Ady Ae 237 15 e51 
16 234 Ad 16 248 16 262 
17 245 Ad 17 259 17 273 
18 256 Ad 18 270 18 284 
19 267 4d 19 281 19 295 
20 278 Ady 20 292 20 306 
al 289 Ady al 303 21 317 
22 300 Ady 22 314 22 328 
23 311 Ay 23 325 23 339 
a4 322 4d 24, 336 eu, 350 
e4makes 334 56 24 makes 360 24 makes 386 


These values assume a total of 12 contacts. 


Release 


For release, minimum loads in the operated 
or late pickup positions are critical. The 
following rules apply: 


1. The back tension shail be 30 grams. 

2. Buildup of the combined balance spring 
and contact spring shall be 1 gram per 
contact per stage, starting at the 
backstop (maximum 12 grams per stage). 
Buildup of the armature spring shall 
be 2 grams per stage. 

4, Tension at the center line of the card 
due to contact pickup shall be 6 grams 
per contact for light, 11 grams for 
standard, and 16 grams for heavy con- 
tact force relays. 

5. These load values assume 30 grams back 
tension. If the back tension is 


TxX-24 


‘release. 


If total number of contacts is less than 
12, subtract 2 grams for each contact less than 12. 


cnanged, the load is changed by the 
same amount. 
6. To determine release ampere turns, use 
critical release loads with the 
release curves, selecting the applic- 
able number of contacts, armature 
travel, relay type, stop discs, and 
soak ampere turns. Check the release 
for the operated position, Fig. IX-13, 
X-19, IX-25, or IX-34 and for the AF 
and AJ relays at the late pickup posi- 
tion also (0.012-inch gauging), 
Fig. IX-14, IX-20, or IX-26. 


Note: This procedure applies for general 
purpose relays only. For marginal relays 
use Fig. IX-4 for hold, Fig. IX-5 for 

Fig. IX-15, TX-21, and IX-27 show 
the release pull for use with special 
gauging values. 
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TABLE IX-7 


AG RELAYS 


PROCEDURE FOR OBTAINING OPERATE 
AND HOLD AMPERE TURNS 


Loads - Maximum Loads Used (maximum pickup 5. Contact spring build-up is 0.043- 
and buildup) gram/mil travel/contact starting at 
the contact pickup point. 
Operate: Compute loads at backstop and 


all contact points. These are called 6. A contact consists of the pair of 
eritical operate loads. Assume back twin contacts that mate with one 
tension is adjusted to 85 grams as for face of a single fixed contact. 

the release case (see Table IXx-8), 

since both cases are essentially the 7. Total buildup for all springs from 
same magnet (poor anneal), and the buffer pickup to operated position 
release is more important than the oper- is 30 grams (approx). 


ate on most AG relays. 
Airgap Values for Computing Loads and 


Hold: Compute loads at operated position Comparing Pull 
only. Assume, the back tension is 
adjusted as low as permitted by rebound 1. Unoperated airgaps (at card center 
(20-grams back tension). These are line), assuming maximum travel and 
called maximum operated loads. (See inimum dome height: 
Table IX-10) 
Short travel relay 32 mils 
Assumptions for Computing Loads: Intermediate travel relay 50 mils 
Long travel relay 66 mils 
1. Back tension is adjusted to 85 grams 
for operate, 20 grams for hold. 2. Nominal gauging values are. used as 
eritical gaps, assuming that criti- 
2. Buildup of the armature spring is cal load points can be adjusted into 
1 gram per stage. these gaps, if necessary. These are: 
3. Contact force at the center line of BUFF = Buffer pickup 7.9 mils 
the card due to contact pickup shall L = late contacts 11.5 mils 
be 1l grams for light, 16 grams for E = early contacts 24.5 mils 
standard, and 21 grams for heavy con- P = preliminary contacts 37.5 mils 


tact force relays. 


Ampere Turns 
4, Balance springs used and their ee 


buildups are as follows: Operate: Using critical loads on Table 
IX-9 computed from above rules, obtain 
stiff- operate ampere turns (for above gaps) 
ness from operate capability pull in 
Spring No. of Makes on Relay Max. Fig. IX-7. 
Thickness Short Inter Long gm/mil : 
mils Travel Travel Travel Travel Hold: Using maximum operated loads on 
Table IX-10 computed from above rules, 
14 O - - 0.133 obtain hold ampere turns from hold 
16 1 O-1 0 0.196 eapability pull in Fig. IX-6. Toler- 
18 2-3 2-3 1 0.280 ance’ on load adjustment requires that 
20 Oe) 4 2-4 0.380 the specified hold ampere turns shall 
22 6-8 5-7 5-6 0.508 be at least 3 ampere turns above the 
25 g-le 8-12 7-le 0.735 specified release ampere turns. 
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Loa 


TABLE TX~8 
AG RELAYS 
PROCEDURE R OBTAINING 


NONOPERATE AND RI 


ds - Minimum Loads Used (minimum pickup 


and buildup) 


N 


Release: 
position only. 


onoperate: 


trolling. Assume back tension is ad- 
justed to 20 grams as for the hold case 
(see Table IX-7) since both cases are 
essentially the same magnet (excellent 
anneal) and hold is more important than 
the nonoperate on most AG relays. Back 
tension up to 85 grams may be used to 
increase the 
required. 
mum operated 
creases the 
reduces the 


loads on Table IX-10, in- 
hold ampere turns, and 


minimum release time. 


Compute load at operated 

Assume back tension 
adjusted to maximum permitted by stress 
in balance spring (85 grams). These 
are called minimum operated loads (see 
Table IX-11). Buffer spring loads must 
be added to these values per Note E on 
Table IX-1l. 


umptions for Computing Loads: 


Ass 


1. 


Spring 


Thi 


mils 


Back tension is adjusted to 20 grams 
for nonoperate and 85 grams for 
release. 


Buildup of the armature spring is 
0.5 gram per stage. 


Contact force at the center line of 
the card due to contact pickup shall 
be 6 grams for light, 11 grams for 
standard, and 16 grams for heavy 
contact force relays. 


Balance springs used, and their 
buildups are as follows: 


Stiff- 
: ness 
No. of Makes on Relay 
Short Inter Long 
Travel Travel Travel 


ckness gm/mil 


IX- 


09s 
142 
.201 
ceo 
. 369 
£552 


O 
1 


OOOD0O00 


2-4 
5-6 
7-le 


26 


Load at backstop must be con- 


nonoperate ampere turns,, if 
This also increases the maxi- 


Min 


Travel 


EASE AMPERE 


TURNS 


Contact spring buildup is 0.036- 
gram/mil travel/contact, starting at 
the contact pickup point. 


A contact consists of the pair of 
twin contacts that mate with one 
face of a single fixed contact. 


Airgap Values 


Unoperated airgaps (at card center 
line), assuming minimum travel and 
maximum dome height: 


Short travel relay 20 mils 
Intermediate travel relay 38 mils 
Long travel relay 54 mils 


Nominal gauging values and nominal 
buffer spring pickup are used as the 
critical gaps, assuming that the 
eritical load points and buffer pick-~- 
up can be adjusted out to these gaps, 
if necessary. These gaps are: 


BUFF = Buffer pickup 7.0 mils 
L = late contacts 11.5 mils 
E = early contacts 24.5 mils 
P = preliminary contacts 37.5 mils 


Ampere Turns 


Nonoperate: 
operate) obtain nonoperate ampere turns 


Release: 
Table 


Using load above (for non- 


(for above unoperated gaps) from non- 
operate capability pull in Fig. Ix-8. 


Using minimum operated loads on 
TX-11 (including buffer springs 
if on relay) which were computed from 
the above rules, obtain release ampere 
turns from release capability pull in 
Fig. IX-6. Tolerance on load adjust- 
ment requires that the specified 
release ampere turns shall be at least 
3 ampere turns below the specified hold 
ampere turns. To insure release 
however, it. shall not be less than 
6 ampere turns readjust. 
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TABLE TX-9 


AG RELAYS 


CRITICAL OPERATE LOADS 
(To Be Used In Establishing Operate 
Ampere Turn Requirements) 


Load 

At Stage Gap o, of Actuated Contacts Using Table IX- gm 
Backstop 66 = - 85 
Preliminary 37.5 N = 2PM = 2 OA 124 
= 2PM + 7M = 9 OB 26 

9A & OB (total) 150 

Early 2.5 = 2PM + 3EB = 5 QA 175 
= 2PM+ 7M =9 « 9B 39 

9A & OB (total) 214 

Late tds N 2P 3EB + 7M = 12 9A 2gl 
= 2PM + 7M = 9 9B 50 

9A & 9B (total) 301 

BUFF 7.0 Load required for release 392 

(see Table IX-11) 
minus buildup (Note 4)  -30 
total 362 
Notes 


lL. N = number of contacts actuated at given stage or an earlier stage. Table IX-9A 
inculdes loads per Table IX-7, Items 1, 2, 3, and item 4 for O make contacts. 


2. M = total M, EM, and PM contacts on relay. Table IX-9B Gee ee loads per 
Table IX-7, Item 5, and the additional buildup per Item above that for O makes. 


The above loads are for back tension of 85 grams (see Table IX-7 for reason). 
4. For relays with buffer spring, critical operate load at buffer pickup is total 


operated load (including buffer) required for release (see Table IX-11) minus 
30 grams. (per Table IX-7, Item 7). 


5. For light contact force relays, reduce values in Table IX-9A by 5 grams per contact, 
ie, 5 x N (grams). For heavy contact force relays, increase values in Table IX-9A 
by 5 grams. 


USE OF TABLES 


Example (Same relay as on Table IX-11): 


Long travel relay 2PM, 3EB, 7M, with 16-mil buffer spring. 
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CAPABILITY DATA 


Relay Travel 


Stage 


Airgap (mils) 


N = No 


PRR 


PER 
N ANEW YNEFOW ONOU FWHH 


OwO © 


MM VO eal 
Mr 


hm Pp 


EW 


M = No. 


TX-28 


MH OW CON OW FWD 


Cont. 


Makes 


AG RELAYS 


ty 


CRITICAL OPERATE 


iz 


TABLE IX-9 (Cont) 


LOADS 


(To Be Used In Establishing Operate 


Ampere Turns Requirements) 


TABLE IX-9A (see Note 1) 


Loads - For 85-Gram Back Tension 
Short Inter. 

L BS L E BS 
11.5 32 11.5 24.5 50 
105 85 111 107 85 
121 85 127 123 85 
137 85 143 139 85 
153 85 159 155 85 
169 85 175 171 85 
185 85 191 187 85 
201 85 207 203 85 
217 85 223 219 85 
233 85 239 235 85 
2hg 85 255 251 85 
265 85 271 267 85 
281 85 287 283 85 
297 85 303 299 85 
313 85 319 315 85 
329 85 335 331 85 
345 85 351 347 85 
361 85 367 363 85 
377 85 383 379 85 
393 85 399 395 85 
409 85 415 WAL 85 
Hes 85 43 85 
AAA 85 47 85 
N57 85 463 85 
473 85 Ae) 85 

TABLE IX-9B (see Note 2) 
2 i 1 
5 6 4 
5 8 5 
8 nbs) 9 
9 20 14 

13 21 15 

14 23 16 

14 34 23 

20 35 ak 

21 37 25 

22 39 26 

23 40 oT 
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CAPABILITY DATA 
TABLE IX-10 
AG OR SLOW RELEASE AK RELAYS 
MAXIMUM OPERATED LOADS 
(To Be Used In Establishing Hold 
Ampere Turn Requirements) 
TABLE IX-10A (See Notes 1 and 5) TABLE IX-10B (See Note 2) 
Loads ~ For 20-Gram Back Tension 
Short Inter. Long Short Inter. Long 
N = No. Cont Travel Travel Travel M = No. Makes Travel Travel Travel 
1 43 - - 1 0) f 
2 59 67 - 2 6 4 14 
3 76 B84 88 3 7 4 15 
4 92 1o1 105 4 10 9 16 
5 109 118 122 5 11 15 26 
6 125 135 139 6 15 15 27 
4 142 152 156 7 16 15 43 
8 158 169 173 8 16 15 42h 
9 175 186 190 9 25 27 Aes 
10 191 203 207 10 25 27 46 
11 208 220 224 11 26 27 NT 
12 22h 237 241 12 26 27 48 
13 241 254, 258 
14 257 evi 275 
15 eT74 288 292 
16 290 305 309 
17 307 322 326 
18 323 339 343 
19 340 356 360 
20 356 373 377 
el 3f3 390 394 
22 389 LOT ALL 
23 4.06 ed 4,28 
eu 422 AL US 


NOTES 


1. N = total number 


2. M = total M, EM, 


of contacts on relay. Table ITX-10A includes loads per Table IX-7, 


and PM contacts on relay. 
build-up per Table IX-7, Items 4 ami 5, above that for O makes. 


[tems 1, 2, 3, Item 4 for 0 makes, and Item 5 (approx). 
Table IX-10B approximated additional 


3. The above are maximum loads adjusted as low as permitted by rebound requirements 


(20-gram back tension). 


the increase in the back tension. 


value (see Table IX-8). 
4, For light contact force relays, reduce values in Table IX-10A by 5 grams per contact, 


ie, 5xN (grams). 
by 5 grams per contact. 


5. For AK relays, add 10 grams to each of the loads in Table TX-10A as the AK relay is 


adjusted on minimum 30-gram bac 


tension. 


USE OF TABLES 


Example: Long travel 
N = 2PM + 3EB + 7M 
M= 2PM + 7 


Nov 1967 


relay 2PM, 31 


i ti 


For higher back tension, increase values in Table IX-10A by 


This will also increase the nonoperate ampere turn 


For heavy contact force relays, increase values in Table IX-10A 


gee 
93 


from 1 


B, 7M 
Table IX-10A, load 


FA 


24) 


from 7 


Table IX~10B, load 
Total 


( 


a) 
286 grams 


k tension and the load data is based on 20-gram back 


TX-29 


CAPABILITY DATA 


TABLE TX~11 
AG OR SLOW RI 


Co 


LEASE AK RELAYS 


MINIMUM OPERATED LOADS 
(To Be Used In Establishing Release Ampere Turns) 


TABLE IX-11A (See Notes 1 and 6) 


Loads ~ For 85-Gram Back Tension 


TABLE IX-11B (See Note 2) 


Short Inter. Long Short Inter. Long 

N = No. Cont Travel Travel Travel M No. Makes Travel Travel Travel 

bi 99 104 - 1 1 1 4 
2 111 115 118 2 2 3 9 
3 22 127 130 3 2 4 10 
4 134 138 141 4 a 7 10 
5 145 150 153 5 4 alah 16 
6 156 161 65 6 6 12 LE 
7 168 173 176 7 6 12 27 
8 179 184 188 8 6 20 28 
9 191 196 99 9 9 20 28 
10 202 207 all 10 9 el 29g 
11 213 219 223 11 9 21 30 
12 225 230 234 12 fe) 22 31 
13 236 2h.2 26 
14 248 253 257 
15 259 265 269 
16 270 276 281 
17 282 288 292 
18 293 299 304 
19 305 311 315 
20 316 322 327 
21 327 334. 339 
22 339 345 350 
23 350 357 362 
ah. 362 368 373 

NOTES 

1. N = total number of contacts on relay. Table IX-11A includes loads per Table IX-8, 
Items 1, 2, 3, and approximately Items 4 and 5 for O makes. 

2. M = total M, EM, and PM contacts on relay. Table IX-11B approximates additional 
buildup per Table IX-8, Items 4 and 5, above that for O makes. 

3. The above are minimum loads adjusted as high as permitted by stress in balance spring 
(85 grams). For lower back tension, reduce values in Table IX-11A by the reduction in 
back tension. 

4, For light contact force relays, reduce values on Table IX-LI1A by 5 grams per contact, 
ie, 5.x N (grams). For heavy contact force relays, increase values in Table IX-11A 
by 5 grams per contact. 

5. For relays equipped with buffer springs, the highest load permitted by stress in the 
springs is 160 grams for the 12-mil buffer used on the early relays and 280 grams for 
the standard 16-mil buffer. The load added with the buffer, however, should be kept 
as low as possible. 

6. For AK relays, reduce the loads in Table IX-llA by 25 grams as the AK relay is adjusted 
on 60-gram back tension instead of 85 grams on which the loads in the table are figured. 

USE OF TABLES 

Example: Long travel relay 2PM. 3EB, 7M with 16-mil buffer 

N 2PM + 3EB + 7M = 12; from Table IX-11A, load = 234 
= 2PM + 7M = 9; from Table IX-11B, load = 28 
Add with buffer* = 130 

Total 392 grams 


* Assuming desired release ampere turns requires 392 grams total. 
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Fig. IX-4 - Maximum Load Buildup 
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IX-6 - AG Relay - Hold and Release Ampere Turns and Time 


Fig. 
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Fig. IX-7 - AG Relay - Operate 
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Fig. IX-9 - AG Relay - Release Times With Shunt 
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Fig. IX-10 - AF Relay - Operate 
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Fig. IX-28 - AJ Relay - With or Without Laminations 0.014-Inch 
Stop Dises - Marginal Operate Data 
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Fig. IX-30 - Ad Relay - With or Without Laminations 
0.022-Inch Stop Discs - Marginal Operate Data 
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ECTION X 


COILS 


General 


The wire spring relays use the cel- 
lulose-acetate-filled coil. This construc- 
tion introduces a sheet of thin cellulose 
acetate between each layer of wire. 


The multiple winding machine used in 
the manufacture of the filled coils employs 
round mandrels up to 15-3/4 inches long, on 
which are wound sticks of eight to twelve 
individual coils per mandrel. Wire is wound 
simultaneously from supply spools through 
wire guides spaced uniformly along the 
length of the mandrel. The coils are 
spaced 3/16 inch apart to provide insula- 
tion at the ends of the coils and space to 
permit cutting the stick into individual 
self-supporting coils. 


During the winding operation, as the 
mandrel rotates, the winding mechanism moves 
along the mandrel and reverses direction at 
the completion of each layer of wire. As a 
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INSULATOR 
(ONE TURN 


CORE INSULATOR 
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layer is completed, and before the next one 
is wound, a sheet of cellulose interleaving 
is automatically cut to the required length 
and injected into the winding to cover the 
completed layer. In this manner, the layers 
of wire are interleaved with cellulose 
acetate. 


When the required number of layers 
have been wound, a cellulose acetate cover 
is applied over the stick. The stick is 
then removed from the machine, the mandrel 
is withdrawn, and the coils are shaped to 
fit the rectangular wire spring relay core. 
The stick is cut into individual coils by 
mi 
8 


eans of a rotary multiple saw. Fig. X-1 
hows the construction of the filled coil. 


Normally, the interleaving is 0.0007 
inch thick, but for wire sizes from 24 
through 28, interleaving 0.002 inch thick is 
used in order to obtain a better bond to the 
spoolhead and to improve insulating the coil 
Also, 
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Fig. X-l - Construction of a Cellulose-Acetate-Filled Coil 
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INSULATION -007 5" INSULATION 007 § 
COIL GOVER -907" GOIL COVER -.007" 
CORE GLE ARANGE ~.008" CLEARANGE -.01 6" 
He .326 3°T H3= .3285°T 


Cl 


at penn SINCE Hy IS SMALLEST, WINDING DEPTH, 
S75" Wines (n)= 326'-T 


NOM..01S" 
T 


0075" 


GOIL 1.P.=2(524%4.192)+ 2 7 (T +.005%) ° 
COIL 1.D.= les P =456'+2 (T+005)=4 61" 2T 


WINDING De 4562 (T +.0054.0075)= 


(@)=.481"4 aT 


WINDING DIMENSIONS 


SLV. WALL 
T (IN.) d (iN) 
046 | 


Og! 
-147 


CLEARANCE BETWEEN CORE, SLEEVE AND COIL 
MINIMIZED BY PRESSING TOGETHER ON SIDE 
NEAREST WIRES DURING CEMENTING. 


Fig. X-2 - AF, AG, and AJ Relays - Coil Dimensions 


X-e Nov 1967 


X-75509 


gauges finer than 28 may use the 0.002-inch 
interleaving to increase the coil fullness 
and improve the thermal conductance or heat 
dissipation characteristic. 


Secondary windings are wound over the 
primary windings before the shaping process, 
and the two windings together are then 
shaped to fit the rectangular core. Primary 
windings for relays with laminations or 
Sleeves are wound on round arbors, with an 
equivalent diameter based on the circumfer- 
ence of the outer side of the laminations or 
sleeve, and then shaped to fit over the 
lamination or sleeve. 


While noninductive windings may be 
wound on the wire spring relays, the use of 
these windings is not recommended as a gen- 
eral practice due to the added cost penalty 
imposed on the coil, especially for uses 
that do not require the extra resistance. 


Filled coils are generally wound with 

enamel-covered wire per MS58364. This is a 
wire that is passed through the coating bath 
four times, resulting in a thinner enamel- 
coated wire than that used on spool-wound 
coils, which is passed through the coating 
bath eight times. Coils wound with 27 or 
heavier gauge wire should use MS58371 (heavy 
insulation) to protect against short-cir- 
cuited turns caused by breaks in the MS58364 
insulation during the shaping operation. 
The coils must meet a 500-volt ac breakdown 
test between the winding and any part of the 
frame. Spool-wound coils, which do not have 
the benefit -of interleaving between adjacent 
layers of wire, must use wire with a heavier 
enamel coating. than M858364. 


In the process of assemblying the re- 
lay structure, the coil is first coalesced by 
holding the ends against a hot plate to seal 
the end of the coil and to adjust the length. 
A motion-limiting washer is slipped on. the 
center leg of the core, followed by the coil 
and the front spoolhead. The leadout wires 
are threaded through the eyelets in the 
front spoolhead. The front spoolhead is 
pressed into position where it is held by a 
tight fit over a knurled portion of the core. 
The motion-limiting washer is held against 
the rear end of the coil, and this end is _ 
dipped into acetone to bond the washer tothe 
coil. The coil is then pressed up against 
the front spoolhead and the front end of the 
coil dipped in acetone to bond the spoolhead 
to the coil. The leadout wires are soldered 
to the eyelets to complete the assembly. 


The AF and AJ relays may be provided 
with either a long (full length) or a short 
coil, the short coil providing a reduction 
in winding cost where such coils will meet 
the circuit operating conditions. The short 
coils can be wound twelve at a time as con- 
trasted with eight for a long coil. The 

AG relays are normally used where the full 
winding space is desired to obtain slow 
action; therefore, the short coil will not 
be used on the AG relay. 
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Available Coils 


In the past, certain coils were pre- 
ferred in order to minimize the number of 
coils. This practice has been discontinued 
because of improved manufacturing techniques, 
although the cost of a particular coil 
should remain a factor in its selection. In 
a few cases, however, it will not be possible 
to use an available coil due to the resist-~- 
ance limits imposed by connecting circuits 
and marginal or speed conditions. Special 
coils will be designed for these conditions 
when warranted. Table X-1 lists the coils 
that have been provided to date. 


Winding Dimensions 


The method of computing the winding 
dimensions is shown in Pig. X-2, and a 
photograph of the core structure is shown 
in Fig. X-3. The winding dimensions, in 


inches, for the wire spring relay coils are: 
Winding Inner Length(2) 
Type of Depth Diameter Long Short 
Coil (h) (d) Coil Coil 
AF, AG, and AJ Relays 
General Use 0. 324 0.467 1.58 0.935 
Laminated 
Cone 0.286 0.520 1.58 
0.046 Sleeve 0.279 0.575 1.58 
0.091 Sleeve 0.231 0.671 1.58 
0.147 Sleeve 0.195 0.783 1.58 
AK Relays 
General Use 0,202 0.363 1.31 0.935 
0.069 Sleeve 0.128 0.531 1.31 


Fig. X-3 - Core Structure 


Laminations and Sleeves 


Laminated cores consist of a thin 
strip of metal, 0.050-inch thick and slightly 
narrower than the core, fastened to each 
side of the core. Laminations are used to 
obtain a high impedance for transmission 
circuits and to provide a better pull 
capability. Fig. X-4 shows the lamination 
used on each side of the core. 
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a” “" A te 
1 ip [eceene 


f CORNERS MAY 
BE ROUNDED 
1% SILICON IRON UP TO .062°R, 


Fig. X-4 - Lamination 


Copper or aluminum sleeves are pro- 
vided on the wire spring relays to obtain 
slow operate or slow release times. The 
sleeves consist of seamless rectangular 
tubing with rounded outer corners and differ- 
ent wall thicknesses. The combination of 
metal and wall thickness is used to obtain 
different operating and releasing times. 

Fig. X-5 shows the dimensions of the various 
sleeves. 


CORNERS MAY 
BE ROUNDED 
UP TO .015"R, 


ca Ler" aes 


: AK RELAY 
386,004" 8 
-000" +! 


CORNERS MAY 
BE ROUNDED 
UP TO .O10R, 


4, ow 
rt oa 


AF, AG, AND AJ RELAY 


4 


S 


PIECE OIM"T" | MATERIAL USED ON 
LPIOASSI |.0435'+.0035| ALUMINUM |AF AG, Au RELAY 
LPIOAS 92 |0435"+ 0035" 


LP10A593 |.090"+.005"| COPPER a Pa 
LPI OA594 1:145"+ .006" 
LPiopg9ss |.0695'4.005"| COPPER AK RELAY 


Fig. X-5 - Sleeve 


Winding Arrangements 


Arrangements are provided to bring out 
a maximum of six winding terminals on the AF, 
AG, AJ, and AL relays and three terminals on 
each half of the AK and AM relays. Fig. X-6 
(parts 1, 2, and 3) shows the winding ar- 
rangements that have been used on the relays 
coded to date. 
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Coil Design 


A coil design usually starts from one 
of three considerations: 


1. Pull-spool design for power saving or 
sensitivity. 


2. A specific resistance required for a 
particular circuit condition. 


3. Speed requirement. 


The main difference in the design of 
coils to meet condition 1, 2, or 3 is the 
method of determining the number of layers 
and the size of the wire to be used. Once 
these factors have been determined, the de- 
sign of a coil for any of the above condi- 
tions follows the same general method. 


Full-Spool or Specific Resistance 


A full-spool coil provides the best 
economic design for a relay with a long 
holding time. The first step is an estimate 
of the size of wire that should be used to 
provide a resistance of the desired value 
with a full spool. This estimate can be 
obtained from the curves shown in Fig. X-7 
to X-10. These figures show the number of 
layers of any size wire required to provide 
a particular coil depth or resistance for 
different coil lengths and interleaving. 
These figures cannot be used directly for 
secondary windings or windings wound over 
laminations or sleeves. 


Once the size of the wire has been 
chosen, the number of layers that may be 
wound on the spool must be determined. This 
may be obtained from Fig. X-7 to X-10, or 
may be determined as follows: No. of layers 


where h is the winding depth or 


pat 

C rnax 
radial space available for wire, in inches, 
and Cyo, is the maximum effective depth of 

one layer of wire and the interleaving, in 
inches. If the number of layers so calcu- 
lated results in an odd number of layers, it 
must always be reduced to the next lower 

even number of layers. Tables X-2 and X-3 
give the wire constants for thin enamel (MS 
58364) wire for 0.0007rineh and 0.002~inch 
interleaving paper. Tables X-4 and X-5 give 
the wire constants for single and heavy formex 
wire with 0,002-inch interleaving paper. 


Table X-6 lists the diameters over the 
insulation for the wires usually used in 
filled coil relays. The wire constants for 
filled coil design can be obtained from this 
table and the following relations: 


B= 1.01 g¢ max 
For 0.0007-inch interleaving paper: 
Ci. = 0.936 (Bn, + 0.00109) 


Cnax= 0-976 (8 + 0.00114) 


Max. 
For 0.0002-inch interleaving paper: 
CG. = 0.978 (Bas + 0.0026) 


C255 1s0L0 ae + 0.00317) 


Nov 1967 


X-75509 


The maximum number of turns that may 


be wound on a layer is found from: turns 
per layer (N,) = a where £ is the length of 


the coil and B is the effective diameter of 
one turn of wire, in inches. The maximum 
number of turns is the product of the number 
of layers and the number of turns per layer. 
Some turns, however, will be lost in pulling 
out the leadout wires; by accidental break- 
ages within the coil during winding (which 
could not be spliced until the machine was 
stopped); and by slight variations in the 
braking action as the winding machine is 
stopped. An allowance of 15 percent of one 
layer is allowed for these factors. The 
number of turns (N) that should be used for 
resistance calculations is therefore not 
more than the maximum number of turns that 
can be wound on the relay less 15 percent 

of one layer. 


To simplify the withdrawal of the coil 
leadout wires after the coil has been cut 
from the stick, it is desirable that the 
winding should stop at the end of the coil 
rather than at any random point along the 
coil. All coils, therefore, should be wound 
to full layers, and to even numbers of 
layers so that all the wires will terminate 
at the same end of the coil. 


Adjustments of the coil winding 
machine permit the pitch of the winding 
(turns per unit length of coil) to be set 
very accurately. This means that the maxi- 
mum number of turns wound on a layer (100- 
percent pitch) can be reduced to permit 
adjusting the total turns to obtain an even 
number of full layers, or to adjust the 
resistance to the desired value by adjust- 
ing the total number of turns. The pitch 
is specified for the coil, and, for manu- 
facturing reasons, should not be less than 
85 percent. 


The winding resistance is: 


R= NA [ No(C gy) + a| where 


R = winding resistance +10 percent 
N = number of turns 


A = a constant based on the resistivity 
of the wire 


N, = number of layers 


ne) 


Cy = average effective depth of one 
Vv . 
layer of wire 


d = equivalent diameter of core (inner 
diameter) including any lamina- 
tions, sleeves, or prior windings 


The calculated resistance is specified 
to the nearest value as follows: 
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Specify to 
Calculated Resistance Nearest 
ohms 

IO = 0.2 
21 - 50 0.25 
51 - 100 1.0 
101 - 200 2.0 
201 - 500 50 
501 - 1000 10.0 
over - 1000 25.0 


The number of turns (N), less one 
fifth of a layer allowance for stopping the 
machine and resistance adjustments, is 
rounded out in accordance with the follow- 
ing table: 


Specify to 
Total Turns Nearest 
500 - 1000 5 turns 
1001 - 5000 10 turns 
5001 - 10000 25 turns 
over - 10000 50 turns 


These turns are specified as U (unlimited) 
turns. U turns are considered as varying 
one fifth of a layer from the specified 
number of turns. 


The number of turns that should be 
wound on a layer are found from 


N 
1 No where 


Ny = the turns per layer 


N,, = the number of layers 


2 

N = the number of turns used in the 
resistance calculations rather 
than the specified number of 
turns. 


Secondary windings are calculated the 
same as the primary windings, except that 
the diameter (d) is increased by twice the 
average depth of the primary winding. The 
insulation between the primary and secondary 
windings adds 0.012 inch to the depth of the 
primary winding. In computing coil full- 
ness, the winding depth is based on the 
maximum depth of the primary winding plus 
the 0.O0le-inch insulation, plus the maximum 
depth of the secondary winding. 


Slow releasing, or transmission relays, 
are designed like secondary windings on 
general purpose relays, except that it is not 
necessary to add the 0.012-inch interwinding 
insulation between the primary winding and 
the sleeve or laminations. Slow-releasing 
relays are normally designed to develop at 
least 300 ampere turns in order to saturate 
the core and provide the full releasing time. 


Resistance Variation 


The resistance variation is ordinarily 
+10 percent. Single windings of 5 ohms or 
less vary +15 percent and secondary wind- 
ings wound over primary windings of less 
than 10 ohms vary +15 percent. Relay wind- 
ings can, in special cases, be held to 
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+5 percent. Where a +5 percent resistance 
variation is to be specified, the winding 
resistance should be computed in the normal 
manner, the resistance increased 5 percent, 
and this value specified with a +5 percent 
variation. 


Fast Operate Coils 
Fe ee ee eT aS 


In the design of coils for fast oper- 
ation, heating is an important consideration 
where circuit operating conditions do not 
limit the resistance; therefore, for the 
fastest operation, a relay should have the 
lowest coil resistance that will meet the 
heating requirements. The allowable temper- 
atures and heating considerations are dis- 
cussed more fully in Section IV, and only a 
reference to the method of using the heating 
data will be used herein. 


The winding design starts with a de- 
termination of the probable resistance that 
will meet the heating requirements, con- 
sidering the length of time that the relay 
will be energized. As an example of the 
method, assume the design of a fast- 
operating local-circuit relay for common 
use with a resistance of 400 ohms, and 
intermediate travel. Assume that the relay 
has a 50-percent duty cycle (see Section IV), 
ie, the operation is intermittent with the 
ratio of the on interval to the sum of the 
off and on intervals 0.5. For trouble 
condition, 100-percent duty, the maximum 
temperature should not exceed 250° F. 


The extreme heating would result from 
the maximum voltage and minimum resistance. 
For maximum heating, the initial watts 


2 2 
ne 250". 
Wo = Se = ago = 282s 


the initial watts and the final temperature 
is shown in Fig. X-ll. From this figure, 

a maximum temperature of 250° F with 6.95 
initial watts requires that the thermal 
conductance (p) be 0.33 or greater, assum~ 
ing no adjacent relays operated. 


The relation between 


The winding depth is plotted against 
the thermal conductance in Fig. X-le for 
various lengths of coils. From this figure, 
a thermal conductance of 0.033 requires a 
winding depth of 0.28 inch or more for the 
short coil (4 = 0.935 inch) but any winding 
depth over 0.06 inch is permissible for the 
long coil (4 = 1.58 inch). 


The optimum number of turns to be used 
is that number of turns that, with a given 
resistance, will provide the least operate 
time for the relay spring load and armature 
travel. A greater number of turns will in- 
erease the initial inductance and the oper- 
ating time. This is discussed more fully 
in Section VII covering operating times. 
Fast-operating relays should be designed as 
near the optimum number of turns as practi- 
eal. The optimum turns are chosen using the 
nominal voltage and nominal hot operating 
resistance. For 50-percent duty cycle. the 
nominal initial watts are: 
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W 


= From 


4g* _ 5.76 
= TOO = ta = 2.88 watts. 


Fig. X-l1, with a thermal conductance of 
0.033, the hot temperature will be 176° F. 


The hot resistance is found by using 


final temperature - 68° By 
SO Br ew 


R = Reg” (1 + z 


H 


R 


i 


The optimum number of turns for a 
particular resistance is shown in Fig. X-13, 
and the effect on the operate time with 4 
divergence from these turns is shown in 
Fig. X-14. From Fig. X-13, the optimum 
number of turns for a resistance of 495 ohms 
is 2800, assuming intermediate travel. 


Fig. X-10 shows the number of layers 
of any size wire necessary to obtain a par- 
ticular winding resistance for a given 
winding depth using 0.002@-inch interleaving 
and a short coil. Fig. X-9 shows the same 
thing for 0.0007-inch interleaving. From 
Fig. X-10, 32 layers of 36E wire will pro- 
vide a minimum winding depth of 0.25 inch 
and a resistance of approximately 400 ohms. 


The number of turns of 36E wire that 
can be wound on a layer is 


N, = ¢= tts = 165 turns. The total 
number of turns for 32 layers would be 

32 x 165 or 5300 turns, which ts consider- 
ably above the optimum of 2800 turns. This 
means that the long coil is more advantageous 
since the short coil, to meet heating 
requirements, must have a winding depth that 
requires many more than the optimum number 

of turns. 


From Fig. X-8 for the long coil with 
0.002-inch interleaving, the smallest number 
of turns to provide 400 ohms is ten layers 
of 39E. This coil, using ten layers of 39H, 
computed as shown in the foregoing descrip- 
tion of the design of a full-spool winding, 
would be the 3330 turns 39E, 400 +10 percent. 


With the coil design set, the actual 
performance data can be obtained. From 
Fig. X-8, ten layers of 39E give a winding 
depth of 0.06 inch. The thermal conductance, 
from Fig. X-12, is 0.033. With 6.95 initial 
watts, Pig. X-11 shows a final temperature 
of 246° F, 


The minimum ampere turns are found as 
follows: The wattage developed would be 


45? 
Tio = 4,6 watts for 100-percent duty or 


2.3 watts for 50-percent duty. From 
Fig. X-11, with a thermal conductance of 
0.033, and 2.3 watts, the final temperature 


is 158° F. The hot resistance 
_ ohh _ 158-68 7 
Rey 14o (1 4 TEs ) 525. The ampere 
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4S, 
turns are Bes 3330 


= 285 NI. The actual 


method of computing the operating time is 


shown in Section VII. 


Coil Cost 


The coil cost 
the cost per turn of 


a 


Nov 1967 


can be compared using 
winding the wire on 


COILS 


the coil; the cost per ohm for the size of 
wire used; the cost of sleeves or lamina- 
tions; and the cost of bringing out addi- 
tional winding terminals. The cost for the 
coils used to date is shown in Table X-1. 
The method of computing the coil cost is 
shown in Section XI. The cost of power is 
also shown in Section XI. 
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Single-Wound Coils 


Res T/L Turns 
44 76 730 
16 100 1580 
34, 128 2260 
100 140 3900 
180 177 5625 
200 250 3950 
270 212 2110 
275 189 6700 
395 231 2670 
4.00 34.0 3330 
500 246 8275 
700 190 5150 
800 2TT 10450 
860 392 6925 
950 270 11850 
1625 306 15800 
2500 335 19400 
3800* 385 22200 
4ooo* 370 23600 
6000 420 28000 
91.00% Teal 34900 


TABLE 


LIST OF 
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COILS 


AF, AG, AJ, AND AL RELAYS 
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Remarks 


O.002-inch interleaving. Fast operate 
in series with printer magnet. Resist- 
ance +15 percent. 


0.002-ineh interleaving. Fast operate 
with 90 ohms. Must also operate in 
series with 525 ohms. 


Marginal; tandem and toll trunks. 


Line relay to operate on high-voltage 
cross. 


Fast operate on 24 volts. 


0.002-inch interleaving. Fast operate; 
local circuit; intermittent heating. 
Epoxy resin-filled coil to meet heating 
conditions. 


Required to operate in parallel with 
multicontact relay in marker double- 
connection check. 


Fast operate; local circuit heating on 
53.5 volts. Used where four relays are 
operated in parallel. Special for 

AMA center. 0.002-inch interleaving. 


0.002-inch interleaving. Fast operate 
in local circuit where circuit condi- 
tions do not permit use of 27-ohm relay. 


No. 1 switchboard sleeve relay with +5 
percent resistance. For use in other 
circuits with +10 percent resistance. 


Short coil 0.0007-inch interleaving. 
General use for fast operate. 


PBX marginal sleeve condition. 
Low wattage, fast operate coil. 


To meet cross-detection requirements 
of series relay. Must work with 
existing relays. 


No sleeve; slow release obtained by 
external noninductive resistance shunt. 


General use. lLow-current drain. 


PBX marginal sleeve condition. 


High resistance to limit current drain 
on rectifier of limited capacity. 


Light spring loads in high-resistance 
circuit. 


x 
These relays require the use of contact protection to limit the peak voltage to a safe 
value. 
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Slow-Acting Coils 


Wire 

Res T/L Turns Size 

220 134 3710 348 

Pri 220 225 ANOO 3un 
See 1150 3u5 6775 38E 
375 eu4h 3850 26E 

Pri 450 279 4250 375 
See 500 262 4600 365 
550 256 5575 365 

600 ahh 7800 35E 

875 265 10050 36E 

875 265 10050 365 

1000 335 6450 38E 
1050 297 8250 37E 
2000 337 13500 38E 
2200 336 16050 38E 
2200 336 16050 38E 
2550 4.23 10080 LOE 
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Remarks 


Short coil 0.09l-inch copper sleeve; 
one iron and two copper washers. 
Ring trip relay. 


©.046-inch copper sleeve. Ring-up 
relay. 


©.147-ineh copper sleeve. Resistance 
t5 percent. Must meet resistance 
limits of present pad control circuits. 


O.091-inch copper sleeve. Slow re- 
lease, double wound. 


O.147-inch copper sleeve. Fast oper- 
ate; slow release to hold over dial 
pulses. 


0.091-inch copper sleeve; fast 
saturation. 


0.046-inch aluminum sleeve. 
0.046-inch copper sleeve. 


+5 percent resistance 0.147-inch 
copper sleeve. Limited by pad control 
elreuit in No. 3C switchboard. 


0.147-inch copper sleeve. 


0.091-inch copper sleeve. Low-current 
drain; slow operate. 


0.046-inch aluminum sleeve. 
©.046-inch copper sleeve. 


O.147-inch copper sleeve. Low-ecurrent 
drain. 
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Double-Wound Coils 


Res T/L Turns 
Pri 2.7 58 560 
Sec 690 391 3020 
Pri 8 90 1050 
Sec 850 391 3770 
Pri 10 101 790 
Sec 400 301 2950 
Pri 16 130 1010 
Sec 16 114 1100 
Pri 61* 189-139 2070 
Sec 61 177 2070 
Pri 100* 184-164 2660 
See 100 194 2660 
Pri 100 219 2590 
Sec 1100 303 9625 
Pri 170 e2uy 2800 
Sec 140 178 3850 
Pri 198 279 3250 
Sec 80 178 2430 
Pri 200* 80-195 3235 
See 200 232 3235 
Pri 210 231 4100 
See 1000 301 8375 
Pri 300 336 3250 
Sec 300 269 3670 
Pri 335* 348-340 3930 
Sec 335 283 3930 
Pri 360 306 4.800 
Sec 1900 348 13150 
Pri 390 324 3170 
See 390 265 3120 
Pri 400 34.0 3330 
Sec 210 194. 3hho 
Pri 400* 250-230 5200 
Sec 400 261 5200 
Pri 415 310-269 4550 
Sec 415 285 4550 
Ter 900 335 5350 
Pri 425* 278-237 5520 
Sec 425 OTT 5520 


TABLE X-1 (Cont) 


Coil 
Wire Cost 
Size (cents) 
edn 20.4 
(MS58371) 
39H 
265 OS 
(MS58371) 
39E 
298 19.4 
38E 
30E 
28E 
33E, 315 21.4 
328 
34, 32E 30.7 
335 
34m 27.4 
37E 
368 22.2 
328 
36E 17.0 
328 
368, 348 20.6 
35E 
35E 2325 
37E 
38E 17.7 
365 
38E, 36H 18.1 
37E 
37E eu .7 
38E 
39K 
38 
(MS58371) 
398 35.0 
33E 
378, 35E 26.9 
365 
38TE, 36TE 38.1 
37TE 
38TE 
37E, 35E 28.0 
3658 


Remarks 


0.002-inch interleaving on primary. 
Marker cross-detecting relay. 
Resistance +15 percent. 


0.002-inch interleaving on primary. 
arker cross-detecting relay. 
Secondary winding resistance +15 per- 
cent. 


0.002-inch interleaving on primary. 
arker cross-detecting relay. 


0.0007-inech interleaving on primary. 
0.002-ineh interleaving on secondary. 


Limited turns. +15 -O on pri A and pri B, 
+30 -O on sec. Pri A and pri B connected 
in series. Battery feed on 24 volts. 


Limited turns. +15 -O on pri A and pri B, 
+30 -O on sec. Pri A and pri B connected 
in series. Battery feed on 24 volts. 


Differential marginal coil. 


Fast operate on 20 volts. 


Fast operate, slow release with short- 
circuited secondary on 20 volts. 


Limited turns. +15 -O on pri A and pri B, 
+30 -O on sec Laminations on core. Pri 
A and pri B connected in series. Sub- 
seriber supervision and battery feed. 


Fast operate. MS58371 single insulation. 


Limited turns. +15 -O on pri A and pri B, 
+30 -O on sec. Pri A and pri B connected 
im-series. Balanced bridge relay for 
toll trunks. 


To work with existing relay in CAMA 
senders. 


ESS No. 1 network control circuit. 
0,002-inch interleaving. 


Register (RA) relay. 0.002-inch inter- 
leaving. Secondary winding +3 percent 
resistance. 


Limited turns. +10 -O on pri A and pri B, 
+20 -O on sec. Pri A and pri B connected 
in series. Trunk supervision. 


Limited turns. +15 -O on pri A and pri B, 
+30 -O on sec. Pri and sec winding re- 
sistance +5 percent. Pri A and pri B 
connected in series. Trunk supervision. 


Limited turns. 
+20 -O on sec. 
in series. 


+10 -O on pri A and pri B, 
Pri A and pri B connected 
Trunk Supervision. 


* Half of the primary wound under the secondary and half over the secondary 
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TABLE X-1 (Cont) 


Double-Wound Coils 


Coil 
Wire Cost 
Res T/L Turns Size (cents Remarks 
Pri 450 392 3000 40E 18.5 0.002-inch interleaving. Has function in 
See 57 143 2540 AOE trunk circuit similar to RA in register. 
Pri 450 389 3740 398 39.3 Used in by-link trunks for function 
See 110 178 314 328 Similar to register RA relay. 0.002-inch 
interleaving 
Pri 450 392 3000 408 42.5 RA relay for panel and No. 1 crossbar. 
Sec 200 176 3460 328 0.002-inch interleaving. Secondary +3 
percent resistance. 
Pri 540 =. 391 4550 398 10.4 756 PBX line relay. 
Sec 540 379 3730 39E 
Pri 550 369 3620 AOE 19.9 0.002-inch interleaving. Marker class 
Sec 550 369 3620 298 check relay. 
Ter 525 207 3620 28E 
Pri 700 325 7100 385 23.3 Fast operate; short holding time. 
See 700 277 7150 26E 
Pri 700 366 5750 39K 26.3 
See 3300 380 17400 398 
Pri 800 267 9100 37E Limited turns. +30 -O on pri and see, 
See 880 297 5350 38E Pri and sec winding resistance +5 percent, 
Pri 1000 ALT 6525 4OE 21.6 Slow release, fast operate for ANI 
Sec 4a 128 2260 2908 trunks. 
Pri 1000 366 7975 39E 2.0 Low drain. 
See 2700 370 13950 398 
Pri 1175 383 9125 395 24,3 General use. 
See 1075 306 gle5 37H 
Pri 1200 45 7550 OE 53.3 Sleeve relay for CAMA trunk. 
See 6000 4.26 19500 4OR 
ish 166 AOERW 
Pri 1500 434, 9400 4OE 26.3 Ring-up, lock-up relay. 
See 2950 3289 15400 39E 
Pri 1700 418 10300 LOB 41.9 High resistance double-wound relay. 
See 1700 337 11300 385 
Pri 1800 425 11000 HOR 23.2 No. 3C switchboard sleeve relay. 
Sec 85 156 2770 315 Resistance +5 percent. 
Pri 5000 A475 22600 ALE 28.1 Double-wound high resistance marginal 
See 1000 348 6140 385 relay. 
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Single-Wound Coils 


Coil 
Wire Cost 
Res T/L Turns Size (cents Remarks 
5.5 74 Te5 2228 Resistance +15 percent. 
16 101 1390 29K 
65 148 2800 328 
100 157 3400 335 8.6 
145 186 4.000 34k 
185 188 4820 345 10.6 
210 226 4.000 36E 74 
280 210 5825 355 12.2 
410 234 6900 36E 10.6 
630 313 5000 OR 
640 255 8600 37E LT ef 
955 228 8125 39E 9.6 
"960 289 10300 38E 
1500 310 12300 . 39E Lie 
2450 360 15750 LOE 14.3 
Double-Wound Coils 
Pri 820 349 6282 OE 
Sec 682 314 5024 39E 
Coils With Copper Sleeve (0.069 inch) 
315 2el 4380 368 10.6 
680 286 6250 385 
1100 320 7600 398 


X-12 Nov 1967 


X-75509 


Thin 


For Max Turns 
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TABLE X~2 


W HSIGN TABLE FOR FILLED COI 
Enameled Copper Wire (MS58364) - Standard 0.0007-Inch 


LS 


COILS 


nterleaving (Preferred) 


Copper 
and Fullness For Resistance and Wire Size EPfi- Wire 
B C Max A C Avg A/K ciency Size 

(in. ) (in.) (in.) (sq in.) e AWG: 
0.0123 0.0130 0.0213 0.0122 0.000150 LHe 0.669 29 
0.0110 0.0117 0.0272 0.0110 0.000121 225 0.649 30 
0.00980 0.0105 0.0343 0.00983 0.0000963 356 0.646 31 
0.00889 0.00970 0.0424 0.00902 0.0000802 529 0.627 32 
0.00788 0.00873 0.0538 0.00809 0.0000637 845 0.622 33 
0.00697 0.00785 0.0684 0.00729 0.0000508 1,350 0.614 34 
0.00626 0.00716 0.0867 0.00664 0,0000416 2,080 0.591 35 
0.00566 0.00658 0.109 0.00607 0.0000344 3,170 0.570 36 
0.00515 0.00609 0.134 0.00561 0.0000289 4,640 0.550 3 
0.00454 0.00550 0.169 0.00504 0.0000229 7,380 0.550 38 
0.00404 0.00502 0,222 0.00458 0.0000185 12,000 0.519 39 
0.00364 0.00463 0.284 0.00420 0.0000153 18,600 0.490 Le) 
0.00333 0.00433 0.344 0.00392 Q,0000130 26,500 0.477 4d 
0.00303 0.00404 0.435 0.00364 O,0000110 39,500 0. 4S 4e 

TABLE X-3 
WINDING DESIGN TABLE FOR FILLED COILS 

Thin Enameled Copper Wire (M858364) ~ Special ©.002-Inch Interleaving 

For Max Turns ; Copper 

and Fullness For Resistance and Wire Size Effi- Wire 

B C Max A Cc Ay K A/K ciency Size 

(in. ) (in. ) in) (sq in.) e AWG 
0.0231 0.0264 0.00672 0, O24 0.000564, 11.9 0.572 24 
0.0208 0.024 0.00848 0.0222 0.000462 18.3 0.544 25 
0.0187 0.0219 0.0107 0.0201 0.000376 28.5 0.528 26 
0.0167 0.0199 0.0135 0.0183 0.000305 44.2 0.519 27 
0.0136 0.0168 0.OL71 0.0155 0.000211 81 0.592 28 
0.0123 0.0155 0.0213 0.0142 0.000175 122 0.574 29 
0.0110 0.0142 0.0272 0.0130 0.000143 190 0.549 30 
0.00980 0.0130 0.0343 0,0118 0.000116 296 0.536 31 
0.00889 Q0.Ol1e1 0.0424 0.0110 0.0000978 ASH 0.514 32 
0.00788 0.0111 0.0538 0.00998 0.0000787 684 0.503 33 
0.00697 0.0102 0.0684, 0.00914 0.0000637 1,070 0.490 34 
0.00626 0.00946 0.0867 0.00845 0.0000529 1,640 0. 465 35 
0.00566 0.00886 0.109 0.00787 0. 0000446 2,440 Oo. 440 36 
0.00515 0.00835 0.134 0.00738 0.0000380 3,520 0.419 37 
0.00454 0.00775 0.169 0.00680 0.0000309 5,470 0.408 38 
0.00404 0.00724 0.222 0.00630 0.0000254 8,740 0. 378 39 
0.00364 0.00684. 0.284 0.00592 0.0000216 13,100 0.347 ho 
0.00333 0.00653 0. 344 0.00562 0.0000187 18, 400 0,332 AL 
0.00303 0.00623 0,435 0.00532 0.0000161 27,000 0. 304 42 


* wire gauges 24 to 27 inclusive use formex insulation (MS58371), 
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TABLE X-4 
WINDING DESIGN TABLE FOR FILLED COILS 
Single Formex Wire (MS58371) - ©.002-Inch Interleaving 
For Max Turns Copper 

Wire and Fullness For Resistance and Wire Size Effi Wire 

Size C Max A C Avg K A/K ciency Size 

AWG (in.) in.) (in. ) (sq in.) e AWG 
ey 0.0220 0.0258 0.0067 0.0241 0.000531 12.7 0.598 24 
25 0.0197 0.0234 0.0085 0.0218 0.000429 19.8 0.586 25 
26 0.0176 0.0211 0.0107 0.0197 0.000346 30.9 0.574 26 
27 0.0158 0.0192 0.0135 O.O1LT9 0.000283 47.7 0.559 27 
28 0.0140 0.0174 O.OL71 0.0162 0.000227 75.2 0.548 28 
29g 0.0127 0.0161 0.0213 0.0149 0.000189 112.9 0.531 29 
30 0.0113 0.0146 0.0272 0.0134 0.000152 179.4 0.518 30 
31 0.0102 0.0134 0.0343 0.0123 0.000125 273.5 0.496 31 
32 0.0092 0.0124 0.0424 0.0113 0.000104 HOT .7 0.483 32 
33 0.0083 0.0114 0.0538 0.0104 0.0000863 623.4 0.458 33 
34, 0.0074 0.0105 0.0684 0.0095 0.0000705 970.2 0.442 34, 
35 0.0066 0.0096 0.0867 0.0087 0.0000574 1,510.5 0.429 35 
36 0.00596 0.00899 0.109 0.0081 0.0000482 2,261.4 0.407 36 
37 0.0054 0.0084 0.134 0.0075 0. 0000403 33:325:40 0. 394 37 
38 0.0048 ‘0.0077 0.169 0.0069 0,0000328 5,152.0 0. 383 38 
39 0.0042 0.0072 0,222 0.0064 0.0000269 8,259.0 0.358 39 
4O 0.0038 0.0068 0,284 0.00599 0.0000228 12,456.0 0.331 1O 
AL 0.0034 0.0064 0. 344 0.0056 0.000019 18,134.0 0,324 AL 
42 0.0030 0.0059 0.435 0.0052 0. 0000157 27, 700.0 0.313 42 

TABLE X-5 
WINDING DESIGN. TABLE FOR FILLED COILS 
Heavy Formex Wire (MS58371) - 0.002-inch Interleaving 
For Max Turns Copper 

Wire and Fullness For Resistance and Wire Size Effi- Wire 

Size B C Max A C Avg K A/K ciency Size 

AWG (in. ) (in. ) in. (sq_in.) | @ AWG 
a4 0.0231 0.0269 0.0067 0.0252 0.00058 Dle'55. 0.545 a4 
25 0.0208 0.0245 0.0085 0.0229 0.00048 17.85 0.530 25 
26 0.0187 0.0223 0O,O1LO7 0.0207 0.000387 27.6 0.513 26 ; 
ev 0.0167 0.0202 0.0135 0.0188 0.000314 42.99 0.504 27 - 
28 0.0149 0.0184 O.OL71 0.0171 0.000254 67.3 0.491 28 
29 0.0135 0.0169 0.0213 0.0156 0.000211 LOLs kL 0.476 29 
30 O,01le21 0.0154 0.0272 0.0142 0.000172 158.2 0.457 30 
31 0,0109 0.0142 0.0343 0.013 0.000142 eue.1 0.439 31 
32 0.00999 0.0132 0.0424 0.012 0.00012 353.7 0.424 32 
33 0.00889 0.0121 0.0538 0.011 0.0000974 552.4 0.417 33 
34 0.0079 0.0110 0.0684 0.00999 0.0000789 866.9 0.395 eu 
25 0.0071 0.0102 0, 0867 0.0092 0.000065 1533370 0.378 35 
36 0.0062 0.0092 0,109 0.0084 0.0000518 2.10535 0. 364 36 
37 0.0058 0.0088 0,134 0.0079 0.0000458 2,928.0 0. 347 37 
38 0.0052 0.0082 0.169 0.0073 0.0000378 4,470.0 0.332 38 
39 0.0045 0.0075 0,222 0.0067 QO, QO000300 7,407.0 0,321 39 
40 0.0040 0.007 0.284 0.0062 0,0000251 11, 340.0 0.301 40 
AL 0.0036 0.0066 0.344 0.0058 0.0000208 16,540.0 0.296 41. 
42 0.0032 0.0062 O.435 0.0054 0.0000172 25, 300.0 0.285 42 
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DIAMETER OVI 
Thin Enamel (MS58364) 

Min Ave Max Min 
32.7 

29.2 

26.0 

23.3 

20.4 20.8 21.2 20.8 
18.2 18.6 19.0 18.6 
16.1 16.5 16.9 16.5 
14.5 14.8 15.1 14.9 
12.9 13.2 13.5 13.2 
11.6 11.9 122 11.9 
10.3 10.6 10.9 10.5 
9.2 9.45 9.7 g.4 
8.3 8.55 8.8 8.5 
7.3 7.55 te8 7.6 
6.5 6.7 6.9 6.8 
5.8 6.0 6.2 6.0 
5.2 5.4 5.6 5.4 
4.7 4,9 5.1 Ag 
ALL 43 AS AL3 
3.6 3.8 4.0 3.8 
3.2 3.4 3.6 3.4 
2.9 3.1 3.3 3.0 
2.6 2.8 3.0 2.6 
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TABLE X-6 


WIRE TABLE 
LATION (g) IN MIL INCHES 


Avg 
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COILS 


Enamel Nylon 


Max 


he 
\o 
EM MRUW NON AN © ON COUT 


WIU101 OVOVN © 0 
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COILS 


TERM. WIRE INNER ENDS 
INNER ENDS 


TERM. WIRE 


INNER END 
SEE NOTE 3 
P s P Ss 
U 1U 2U 1U 2u 
= Te 2L it 2L 
SEE 
NOTE | 
OUTER END 
OUTER ENDS 
FIG. FIG.2 FIG.3 OUTER ENDS 
SINGLE WINDING DOUBLE WINDING DOUBLE WINDING 
SINGLE ARMATURE SINGLE ARMATURE SINGLE ARMATURE 
TYPE TYPE TYPE 
TERM. WIRE INNER END 


TERM. WIRE 
INNER END 


OUTER ENDS 
INNER END 


FIG. 4 FIG.5 OUTER END 
SINGLE WINDING SINGLE WINDING 
SINGLE ARMATURE SINGLE ARMATURE 
TYPE TYPE 


NOTES: 
|. WINDINGS A AND B FORM PRIMARY. 
2. WINDINGS A AND B FORM SECONDARY. 
3. SECONDARY WINDING IS WOUND BETWEEN A AND B WINDINGS. 
4. 


WINDING B IS NONINDUCTIVELY WOUND WITH RESISTANCE 
WIRE. 


5. WINDING B IS INDUCTIVELY WOUND WITH RESISTANCE 
WIRE. 


Fig. X-6 (Part 1) - AF, AG, AJ, AK, AL, and AM Relays - Winding Arrangements 
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TOP SEE NOTE 2 TOP 
- INNER ENDS 


TERM, Leg INNER ENDS TERM. WIRE 


COILS 


(U j2U/3U 
IL 12L]/3L 


2 


) S PS T 
iu 2u 
OUTER 
ENDS th 2u 
LEAD A 
SPEISe OUTER ENDS 
SEE NOTE 2 AND 4 
LEAD B 
FIG. 6 FIG. 7 
DOUBLE ‘WINDING TRIPLE WINDING 
SECONDARY WITH NONINDUCTIVE SPLICE SINGLE ARMATURE 
SINGLE ARMATURE TYPE 
TYPE 
INNER ENDS 
TOP UNIT 
TERM. WIRES SGE- NOTE 
rae) 
tu WDG. A 
INNER END OUTER P S$ 
ENDS 1U 2U 
IL eu 
NOTE 
ao OE T 2 
au z 
xWOG. 8 <—SEE 
“TL 
LEAD B 
TERM. WIRES 
BOTTOM UNIT HINER ENS 
FIG. 8 FIG. 9 
SINGLE WINDING DOUBLE WINDING 
DOUBLE ARMATURE SECONDARY WITH INDUCTIVE WINDING 
TYPE * SINGLE ARMATURE 
Se TYPE 


NOTES: 
WINDINGS A AND B FORM PRIMARY. 


WINDINGS A AND B FORM SECONDARY. 

SECONDARY WINDING IS WOUND BETWEEN A AND B WINDINGS. 
WINDING B IS NONINDUCTIVELY WOUND WITH RESISTANCE WIRE. 
WINDING B IS INDUCTIVELY WOUND WITH RESISTANCE WIRE. 


ga Fwy — 


Fig. X-6 (Part 2) - AF, AG, AJ, AK, AL, and AM Relays - Winding Arrangements 
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INNER ENDS 


SEE NOTE | 


TOP UNIT 


INNER ENDS BOTTOM UNIT: “INNER END 
OUTER ENDS 
FIG. 10 FIG. 1 
TRIPLE WINDING-SINGLE SINGLE. WINDING WITH SERIES 
ARMATURE TYPE RESISTANCE-DOUBLE ARMATURE TYPE 


R 
IU 2L 
iL 
BOT. = LouTter ENDS 
FIG. 12 FIG. 13 
DOUBLE WINDING- DOUBLE SINGLE WINDING WITH SERIES 
ARMATURE TYPE RESISTANCE-SINGLE ARMATURE TYPE 


NOTES: 
WINDINGS A AND B FORM PRIMARY. 
. WINDINGS A AND B FORM SECONDARY. 
. SECONDARY WINDING 1S WOUND BETWEEN A AND B WINDINGS. 
. WINDING B IS NON-!INDUCTIVELY WOUND WITH RESISTANCE WIRE, 
. WINDING B 1S INDUCTIVELY WOUND WITH RESISTANCE WIRE. 
: DIRECTION THE TOP UNIT IS WOUND IN A COUNTERCLOCKWISE 


AHIADLGWM= 


Fig. X-6 (Part 3) - AF, AG, AJ, AK, AL, and AM Relays - Winding Arrangements 
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Fig. X-9 - Coil Resistance Versus Winding Depth AF Relays - 
Short Coil - 0,0007-Inch Interleaving 
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Fig. X-10 - Coil Resistance Versus Winding Depth AF Relays 
Short Coil 
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Fig. X-11 - Values of Thermal Conductance - In Watts per Degree F 
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Fig. X-12 - Thermal Conductance (p) for Various 
Winding Depths - AF, AG, and AD Relays 
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Fig. X-13 - AF Relay Speed Coils - Optimum 
Turns and Operate Time 
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CHAPTER XI 


Introduction 


This section deals with the economics 
of relay design for specific applications 
in switching systems. The subject is quite 
involved, with many of the factors obscure 
and difficult to price without some broad 
assumptions. It is assumed that the relay 
structure has been standardized and conse- 
quently this section deals in changes in 
variable relay design details only. No 
attempt will be made herein to include all 
of the steps and assumptions that were made 
in arriving at cost factors, but the con- 
clusions reached will be used as the basis 
for establishing the cost figures and 
economic design data shown in this section. 
The problems will be discussed in general 
terms. 


The subject may be broadly divided 
into the following parts: 


A. When to Code a New Relay 
B. Economic Selection of Coils 
C Cost of Power 

D Economics of Standardization 


Part A provides the necessary data to 
determine whether to code a new relay or to 
use an existing relay for a specific circuit 
application. Parts B, C, and D provide a 
brief, background of the problems involved. 


A. When To Code a New Relay 


For each relay structure there is a 
winding depth that results in the lowest 
overall relay and power cost. For example: 
a low-turn winding is best for speed appli- 
cations; a partially full winding is best 
for local circuit use where the holding time, 
and consequently the power cost, is low; a 
full winding is best where sensitivity is 
paramount; and a full, high-resistance 
winding would be chosen for long holding 
times where the power cost would be high. 


For all such conditions, it is pos- 
sible to evaluate each individual design by 
considering the variable winding costs and 
the cost of speed and of consumed power in 
terms of the equivalent relay first cost. 
The resulting net first-cost value of the 

_velay winding is then the primary figure for 
comparison with other designs and can be 
used to estimate whether to create a new 
code or to use one of the existing designs. 


In selecting a relay for a circuit 
condition where a relay exactly meeting the 
eonditions is not available, two courses of 
action are open: Plan A (no new code) or 
Plan B (new code). 


Plan A would use an existing relay 
that most nearly meets the circuit require- 
ments. It would have the cost advantage of 
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existing production but the disadvantage of 
too many contacts, or higher power drain, 
or too slow action, etc. Each of these 
extra items can be evaluated. 


Plan B would have a new code, which, 
though it might have the possible disad- 
vantage of an additional code with rela- 
tively low production, would satisfy the 
circuit conditions and thus have no perfor- 
mance penalties. The effect of ‘a low demand 
is felt in two ways: the new code is more 
costly to manufacture, due to the low demand 
and the relays of the code that might be 
used with Plan A are more costly to manu- 
facture because their demand was not 
increased. Both of these costs must be 
charged against the new code. These effects 
have been evaluated and are shown as the 
cost penalty in Fig. XI-l. 


The cost figures to be used in 
determining the cost of extra features on a 
relay for the purpose of deciding whether 
or not to code a new relay are: 


Additional combination 17.6¢ 
Extra spring pairs 2.2¢ 
Buffer spring 3.9¢ 
Extra features associated 
with long life 12.5¢ 
Extra adjustments 
Nonoperate 0.9¢ 
Release or hold (no buffer 
spring) 0.9¢ 
Hold (with buffer spring) Ag 
Release (with buffer spring) Ag 
Soak O.4¢g 
Intermediate armature travel 0.7¢ 
Long armature travel 1.6¢ 
Max 60-gram back tension* 1.5¢ 
Sleeves 
0.046-in. Aluminum 5.6¢ 
0,046-in?" Copper 9.1¢ 
0.091-in. Copper 11.5¢ 
O.147-in. Copper 18.1¢ 
Laminations 5.e¢ 
Long armature (AG and AJ 
relays) 2.0¢ 
Coil comparison costs 
Wire cost Fig. X2-2 
Winding on turns Fig. XI-3 
Additional winding 
connections 9.2¢ 
Pri A & pri B '9.2¢ 
Power per KWH (Cy) 4O0.0¢ 
(Fig. XI-4B) 
Cost per millisecond of 
marker holding time $38.50 
(Fig. XI-5) 
Rt 
KWH = L500 where t = hours per year 


that the relay is energized. 


*This applies to all 4.4-, 16-, 270-, 395-, 
400-, and 7OO-ohm coils. 
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If the costs of the extra features 
exceed the amount determined from Fig. XI-1, 
a new code should be used instead of the 
existing code. 


The following examples show the 
method of determining whether or not to code 
a relay. 


Example 1 


Required: a4 local circuit relay with 
3M and 3B springs with a holding time of 
360 seconds per busy hour. Demand 50 per 
10,000 lines. No speed requirements. With 
3000 busy hours per year, the yearly hold- 
ing time is 


3000 x & = 300 hours per year. 


Available relay - 700w - 5050 turns 39E 
Springs 4M, 3B - 
total 7 
Short travel 
7O0Qp coil has max 
60-gram armature 
back tension 


- 2500w - 19400 turns 388 
Springs - 3M, 3B - total 6 
Short travel 


New design 


Costs - available relay 
700w 39R - 
5050 turns, short coil 
One extra spring 
60-gram back tension 
Total relay cost 


_ Et 
Power cost = TO00R Cy 
2 
_ 48°x300 = Z 
= T9o0x700 * 0.40 = 39.5 
Total power + relay cost ig.ig Ag.ig 
Costs - new design 
2500w 38E 14.0¢ 
19400 turns, long coil 6.1 
Total relay cost 20.1 
Power cost 
_48°x300_ x O.40 = LL og 
1000x2500 : _ . 


31L.1¢ 
18.0¢ 


Total power + relay cost 


Cost difference 


From Fig. XI-1, a demand of 50 per 10,000 
lines shows a cost penalty of 8.3 cents; 
therefore, a new code is justified since the 
existing relay will cost 18.0 cents more 
than the new relay and only 8.3 cents can 

be justified before coding a new relay. 
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Example 2 


Required: a local circuit relay with 
4M, 3EBM, and LEM springs with a holding 
time of 100 seconds per busy hour. Demand 
100 per 10,000 lines. No speed requirements 


The yearly holding time is 


3000 x S665 = 83 hours. 


Available relay - 950w - 11850 turns 368 


Springs - 5M, 3EBM, 1E - total 13 
New design ~ 2500w - 19400 turns 38E 
Springs - 4M, 3EBM, 1EM - total 11 


Costs - available relay 


950W 36E 10.2¢ 
11850 turns, long coil 4 3¢ 
2 extra springs 4 
Total relay cost 16.9 
, Rt 
Power cost - ToooR * Cy 
2 . 
_  48°«83 2 
= TO00KO50 * O.40 = 8.0¢ 


26.9¢ 26.9¢ 


Total power + relay cost 


Costs - new design 
2500W 38E 14.0¢ 
0. 


19400 turns, long coil 6 if 
20.1 


Total relay cost 
3.1¢ 
23,.2¢ 


Power cost 


48°x83 
1000x2500 


Total power + relay cost 


x 0.40 = 


23.2¢ 
B12 


From Fig. XI-1, a demand of 100 per 
10,000 lines shows a cost penalty of 4 6 
cents. A new code is not justified since 
the existing relay costs only 3.7 cents 
more than a new code and 4.6 cents can be 
spent before a new code is justified. The 
same procedure as shown in the two examples 
ean be used to find the cheaper of two exist- 
ing relays. 


“Cost difference 


B. Economic Selection of Coils 


Basically, the selection of a relay 
for any specific circuit application in- 
volves the following steps: 


1. Establish the work requirements imposed 
by the desired contact functions 
(spring combination load). 


2. Choose a favorable magnet structure 
that is capable of delivering the 
necessary amount or kind of work 
(select type of relay, ie, AF, AG, or 
AJ relay). 
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3. Select a coil to match the character- 
istics of the previous page to the 
desired circuit application, taking 
account of voltage, speed, heating, 
economy, and other special problems. 


In service, relay operation must be 
assured even when the battery is minimum, 
the resistance is maximum, and all other 
possible conditions are adverse; thus it 
is necessary to build the relay so that it 
will function on a current considerably 
less than that obtained with average circuit 
constants. The usual variations requiring 
consideration, assuming local circuit opera- 
tion of the relay but neglecting any 
resistance rise due to heat dissipation in 
the relay winding, are: 


Office battery +5% 
Coil resistance +10% 
Resistance rise due to change from 
vated value at 68° F to that at 
ambient 100° F. +7% 
Deterioration from test operate to 
worst circuit +5% 
Deterioration from the readjust 

operate to the test +5% 


For the relay to operate under all 
adverse conditions, it must be capable of 
operating on 72 percent of the current that 
may pass through its circuit on nominal 
conditions. 


When comparing various coil designs, 
certain common operations such as soldering 
the leads on the primary winding, attaching 
spoolheads, dipping, etc, are common to all 
coils; consequently, only the difference 
due to the varying amount of copper, which 
is paid for by the pound (or for any 
particular size by the ohm), the cost of 
sleeves or laminations, the cost of addi- 
tional winding terminalis, the cost of 
winding on the turns, etc, must be con- 
sidered. The cost per ohm and the cost of 
winding the turns for the various wire 
gauges are shown in Fig. XI-2 and XI-3. 

To find the variable portion of the cost of 
any coil, it is only necessary to find the 
cost of the wire and the cost of winding 

on the turns (using the proper. curve of 
Fig. XI-3 for the coil being considered) 
and add a factor for any extras such as 
sleeves and extra windings. The costs of 
these additional factors have been shown in 
the paragraphs on When to Code a New Relay. 
For any particular resistance, it is obvious 
that the cheapest coil results when the 
finest size wire that will provide the 
desired resistance and required minimum 
number of turns is used. For any given 
resistance, each change of one wire gauge 
changes the variable part of the coil cost 
between 20 and 30 percent. 


The most common use of relays is in 
eircuits where they are required simply to 
operate their contact load and then remain 
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operated, consuming power for a specific 
holding time. In such cases, the actual 
cost is made up of two factors: the first 
cost of the coil, and the cost of the power 
consumed. The first cost of the coil 
decreases as the coil resistance decreases, 
but the power cost increases. There is an 
optimum point where the sum of the two 
costs is the lowest, and that is the potnt 
to strive for, other considerations permit- 
ting. Factors affecting the cost of power 
will be discussed later in this section. 


There will be many cases in practice 
where the optimum resistance for sensitivity 
and power will not be used for such reasons 
as standardization of coil resistances, need 
for speed, or insufficient winding space. 
The cost penalty for deviations from the 
optimum may be found by comparing the costs 
for the coil used and the optimum resistance 
coil. 


Fig. XI-6 shows the cost of power for 
the commonly used single-wound coils with 
different holding times and also the com- 
bined cost of power plus the coil cost for 
wire spring relays. From this figure, the 
cheapest coll for any holding time can easily 
be determined. For example, the 700-ohm 
coil is cheaper than the 2500-ohm coil up 
to 200 seconds holding time per busy hour, 
and cheaper than the 950-ohm coil up to 350 
seconds per busy hour. The most economical 
coil use, ignoring all other circuit con- 
Siderations, would be’ the use of the 7OO-ohm 
coil up to 200 seconds per busy hour holding 
time and the 2500-ohm coil above this value. 
Circuit operating conditions and the econom- 
ics of coding a new relay where a relay with 
the best coil is not available can sometimes 
make the use of the most economical coil 
undesirable from an overall cost standpoint. 


The speed of operation of a relay is a 
function of the power applied to the relay, 
the circuit resistance, and the relay induc- 
tance. For the fastest operation, there is 
an optimum number of turns for each value of 
coil resistance. The speed may be increased 
by increasing the power supplied to the 
relay, but, where faster action is obtained 
at the expense of more power consumption, 
there evidently must be some point for which 
the cost of power and the worth of the speed 
are economically optimum. 


The worth of a saving in operating 
time is greatest in a common control -circuit 
where the holding time of the circuit per 
call is very short and the cost of the 
circuit is high. The marker of crossbar 
systems is an outstanding example of such a 
circuit. The value of time saved is impor- 
tant only insofar as it saves marker holding 
time. 


The. value of a millisecond of marker 
holding time is not a simple figure to ob- 
tain. The fractional part of a marker that 
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ust be provided per line per millisecond 

of work time is almost directly proportional 
to the holding time of the marker. The 
value of a millisecond of marker work time 
will therefore vary with the holding time 

as well as the cost of the marker. The 
shorter the marker holding time, the more 
valuable a millisecond becomes’ since it 
becomes a greater percentage of the total 
time. Assuming a $17,000.00 marker with a 
holding time of 300 msec, the value of a 
millisecond of marker time is equivalent to 
a relay first cost of $38.50. With a holding 
time of 500 msec, the value drops to $24.00. 
Fig. XI-5 shows how the value of a milli- 
second of marker holding time varies with 
marker work time and cost. 


C. Cost of Power 


For every relay in the telephone 
switching system, one must allocate a small 
portion of the cost of the power plant and 
the building to house it. These, together 
with the cost of power purchased from the 
power companies, represent concrete costs 
‘which it may be possible to minimize by 
suitable design of the relay to consume 
less power. 


The problem of power cost must be 
considered in two parts: 


1. For a major systems development 
involving new apparatus where the 
design of the relay may exert a large 
influence on the size of the power 
plant required. 


2. Where only a small change in the 
amount of power consumed is involved. 


Equivalent First Cost of Power Plant 


The price of a power plant will vary 


in two ways as shown in Fig. XI-7 


1. In fairly large steps as the basic 
plant size is changed. 


2. Ina fairly uniform manner as any 
particular basic plant size varies 
within its lower and upper limits. 


If a major systems development per- 
mits a reduction in power consumption, such 
that the size of the plant can be reduced 

to the next lower basic size, an appreciable 
saving may be realized, whereas if the plant 
must stay within the same basic size, the 
savings are materially reduced. 


If it is assumed that by the magnet 
design a given fraction (P) of the power 

may be saved, then for any particular range 
of power, a power plant operating near the 
top of its range will save a larger quantity 
of plant capacity than one operating near 
the bottom of its range. On the other hand, 
the one operating near the bottom of its 
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range may be converted into the next cheaper 
range, thus realizing a base-price saving. 
The net-price saving per kilowatt of power 
saved has been found by determining the 
dollar value of the plant saved and dividing 
by the total amount of power saved. This 
saving was then averaged for all plants in 
the range. The results for each range were 
then weighted on the assumption that tele- 
phone power-plant sizes were uniformly dis- 
tributed between 30 and 200 kilowatts. 

Fig. XI-4A shows a plot of the results for 
different percentages of power saved. 
Studies show that the power plant price- 
saving per kilowatt of savable power varies 
from $1120.00 for small percentages of power 
saved to a maximum of $1900.00. Even though 
the precise amount of power to be saved may 
not be accurately known, the resulting power 
plant price-savings per kilowatt of power 
saved will not vary widely from a value 
somewhere around $1700.00 in most practical 
cases, 


The distribution of power used to 
operate magnets in a No. 5 crossbar office 
is approximately as follows: 


Percent 
Use of Power 
Talking channels, Power. largely 
transmission 18 unaffected by 


relay design 


Speed relays 6 (24 percent) 
Nontransmission 

relays energized 

during conversation 20 Available for 


design changes 
to reduce 
power costs 
(76 percent) 


Nontransmission hold 
magnets energized 
during conversation 29 


Relays et 


thus, about three-fourths of the power in 
the office is subject to reduction by relay 
and switch design. 


The annual power may be found from 
the busy-hour power. The daily load in an 
office has been broken down as follows: 


Total 
Load Hours 


Percent of 
Busy-Hour Load 


Hours per Day 


2 100 200 
4 78 312 
6 65 390 
3 27 81 
9 2 18 
Total 24 TOOL 


Thus, one busy hour accounts for 10 percent 
of the power drain. Assuming 10 busy hours 
per day and 300 days per year, the annual 
power taken by any particular unit will be 
3000 times the power consumption in one 
busy hour. 
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Cost of Power Per Kilowatt Supplied 


The installed power plant price per 
Kilowatt, together with the annual charges, 
have been translated into equivalent first 
costs in terms of relay costs for different 
percentages of power saved and are shown in 
Fig. XI-4B, 


The same figures have also been trans- 
lated into the equivalent price of power 
Supplied, and this is shown in Fig. XI-4c, 
also on the basis of the percentage of the 
power saved. 


The cost per kilowatt hour is shown 
for two conditions: new equipment and 
additions. The figures for new equipments 
would apply only when new apparatus devel- 
opments cause a major change in the size of 
the power plant installed. For comparisons 
between the costs of different relay coils, 
the more realistic approach is to use the 
figures for additions and consider that the 
percentage of power saved is practically 
zero. The equivalent first cost of a 
kilowatt hour of power in terms of relay 
first cost is thus $0.40 (Fig. XI-4B). ‘The 
$0.40 figure results from the fact that the 
8.2-cent price per KWH is an annual charge 
on the initial investment and the cost of 
ac power supplied. The price of power is 
an annual charge and should be related to the 
relay charge which is a first cost. The 
comparable cost of a KWH of power, therefore 
should be an amount which when amortized 
over a period of years, will result in an 
annual cost of 5.6 cents 
(S-Bogene priee) This results in the 
first cost for power of $0.40 per KWH. 


D. Economics of Standardization 


If enough information were available 
to the circuit engineer, he should be able 
to choose a relay for any particular appli- 
cation by considering: 


1. The penalties due to standardization, 
le, the penalties in performance and 
cost resulting from having only a cer- 
tain limited number of available relay 
combinations as against sufficient 
combinations for complete flexibility. 


2. The penalties due to not standardizing, 

le, the penalties in first cost 
resulting from many variations of a 
basic type, a8 compared with a limited 
number of combinations. 


By weighing both the penalties and the 
advantages of standardization in each case, 
it should be possible to maintain them in 
approximate balance and to obtain an economi- 
cal number of codes. The cost penalties of 
standardization involve, mainly, factors 
such as value of speed, power consumption, 
kinds of contact metal, use of extra springs. 
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The penalties of not standardizing involve 
extra costs due to a large number of codes 
and production in small-size lots. 


What appear to be major ways in which 
the number of codes affect relay costs are: 


1. Administration effort in maintaining 
information on each code and 


2. Manufacture by more small lots. 
Administration Costs 


Administration costs for relay codes 
have been taken to be those costs that are 
incurred each year on the relay type in 
question. Such costs result from design 
activity on the relay type and are almost 
entirely due to the issuance of change 
orders, mainly at Bell Laboratories, but 
also in the Western Electric Company. Some 
of the change orders are to improve the 
product, or to effect cost savings so that 
the administration costs are to some extent 
self-supporting. There are, of course, 
some general change orders that affect all 
relays of a type, and the amount of work 
involved depends on the number of codes of 
that type of relay; thus, administration 
costs would be less if there were fewer 
codes. 


Various forms of expense enter into 
the full administration costs; those in- 
curred at Bell Laboratories and in Hawthorne 
Merchandise which are recovered in the 
pricing markup above the bulletin costs, 
and those incurred in the Hawthorne E of M 
organization which would affect the bulletin 
cost. The objective is to develop cost 
figures in terms of bulletin costs which 
then can be compared with similarly devel- 
oped figures for the worth of power, operate 
time, windings, contacts, etc. For this 
reason, it has been concluded that Bell 
Laboratories and Hawthorne Merchandise 
figures should not be included in the 
administration cost figures. 


During the early part of 1951, a com- 
prehensive review of coding costs of the U 
relay was made by the Hawthorne engineers. 
It was concluded that a cost of $127.00 
per-code-per-year would give a fairly 
accurate picture of the "bulletin cost" 
administration expense. This study also 
resulted in a figure of $90.00 as the cost 
of introducing a new code. 


Assuming a code life (not relay life) 
of fifteen years, the $90.00 cost converts 
to an annuity value of $10.00, based on 
Y-percent interest. 


It is believed that the wire spring 
relay, with its unitized components, would 
require considerably less attention per 
code than other types of relays. A 25-per- 
cent reduction seemed reasonable to the 
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Western Electric Company engineers. A cost 
of 75 percent of $127.00 + $10.00 annual 
coding cost, or $105.00, per-code-per-year 
has, therefore, been suggested for the ad- 
ministration cost of the wire-spring relay. 


Manufacturing Costs as Affected by Lot 
Size 


If only one kind of relay were needed, 
it could be built continuously in the same 
way, with no time lost for change-over to 
other parts, no special bookkeeping neces- 
‘sary to control the proper flow of different 
parts, and with more automatic and conveyor- 
type action. This would represent the 
height of manufacturing economy, but unfor- 
tunately this cannot be realized in the 


current relay programs. 


There are three major phases of relay 
manufacture affecting the lot-size costs, 
each involving separate treatment; they are: 


Assembly of the complete relay 
Winding and assembly of the coil 
Molding and welding of the spring blocks. 


There are many codes of a basic type 
required to fill circuit needs, and the 
codes are not built in large quantities 
but only as ordered on a periodic basis. 
The periodic ordering is used to maintain 
a smooth flow of apparatus into the wiring 
department, where an even load is also 
assured by planning on a periodic basis. 
If' relays were to be made in large quan- 
tities and then stored until they were 
needed, it would build up a large inventory 
investment, which is considered uneconom- 
ical. It appears that certain codes are 
made on an average of once in two weeks, 
while the more active ones are made on a 
daily or a weekly basis. 


There are three methods of assembly 
for the U relay. Given in descending order 
of productivity they are progressive con- 
veyor method, assemble complete method, and 
bench method. The wire spring relay, how- 
ever, was designed with the specific 
objective of building complete molded 
assemblies of the spring blocks and thus 
greatly simplifying the final relay assembly 
compared to the U relay assembly. As now 
planned, only two assembly methods will be 
used for the wire spring relay: a conveyor 
assembly line for relays produced at a rate 
in excess of 12,000 annually, and a bench 
assembly method for relays produced at 
annual rates of less than 12,000. 


Filled coils may be wound by two 
processes: by having either one or two 
winding machines under control of one opera- 
tor. The loading rates for the two methods 
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will be different since the operator con- 
trolling one machine is working on low turn 
coils and must of necessity spend more time 
in setting up the machine for different 
coils. 


The choice of which method is to be 
used is summarized, approximately, by the 
following rules: 


Method A 
Two machines, one For single wind- 
operator ings only, when 
the turns >9000. 

Method B 


For all double 
windings and 
single windings 
where the turns 
are <9000. 


One machine, one 
operator 


The contact spring arrangement for 
the wire spring relay is different from 
any of the existing types of relays in that 
the spring assembly is molded in a block. 
For any change in molding, it will be nec- 
essary to shut down the molding machines 
for about 6 hours. To reduce the number 
of machine stoppages, the spring blo¢cks 
will probably be molded with a full com- 
plement of wires and the extra twin wires 
clipped off in the finishing operation. 
The single-wire blocks always have a full 
complement of wires. 


It is planned to complete the molded 
spring blocks in a separate line where the 
blocks will be fed into a machine and pro- 
gressively stepped along while the finish- 
ing operations are performed. Since these 
operations will include clipping off the 
surplus wires and welding contacts, any 
change in the spring block will require 
stopping the machine. There will be flexi- 
bility within the machine for rapid changes 
from one condition to another. Some 
changes, however, may cause machine stops 
of as much as 45 minutes. This emphasizes 
the desirability of keeping the number of 
spring combinations to a minimum in order 
to minimize machine time loss. 


Relation of Cost Penalty to. Total Number of 
Codes 


A picture of the cost penalty due to 
having more than one code averaged over the 
entire product can be gained if the distri- 
pution of demand for each code is known. 
Such information has been compiled for a 
particular type of No. 5 crossbar office. 
The number of codes and the quantity of each 
code were known, which was easily translated 
into an annual demand for each code. With 
the annual demand for each code, the cost 
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penalty was found from a chart similar to 
Fig. XI-1. All such penalties were added 
and divided by the number of relays to give 
the average penalty per relay for the num- 
ber of codes involved. By a process of 
combining codes and demands, a series of 
points were obtained showing how the cost 
penalty varied with the number of codes. 


Figures were obtained in a similar 
manner for the number of coils used. These 
penalties were comparatively small, indi- 
cating that there is no great disadvantage 
in a moderate number of coils, except as 
they may increase the number of codes. 

Where a new code is required for some cir- 
cuit condition, a new coil which offers some 
circuit advantage would not appreciably 
affect the average relay cost. 


Choice of Number of Codes 


The previous paragraphs discussed the 
cost penalty of diversifying the design as 
compared with the ideal of manufacturing 
only one design. As more and more codes 
are introduced, it is possible to estimate 
the effect on the cost. There is a point 
at which no more codes would be added, 
representing the condition where all cir- 
cuit conditions are ideally satisfied. Any 
fewer codes cause performance penalties in 
one form or another, such as extra power 
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drain, extra springs, slower operation, ete. 
As more and more codes are consolidated into 
smaller groups of codes, the sum of the 

cost penalties, averaged over all the relays 
in the office, will steadily increase. 

These can be stated in terms of f 


first cost 
of the apparatus and will be called the 
performance, or standardization, cost 
penalty. The total cost penalty of a cer- 
tain number of codes will be the sum of the 
coding cost penalty and the performance cost 
penalty at this point. One cost increases 
with the number of codes and the other 
decreases so that a minimum cost may be 
expected to result corresponding to some 
most favorable number of codes. 


The difference in cost penalty with 
deviations from the optimum number of codes 
does not vary greatly. This indicates that 
the optimum number of codes is not very 
critical. It appears that the best proce- 
dure is to design so as to minimize the 
number of codes so that as much economy as 
possible can be realized in times of low 
output by manufacturing fewer varieties of 
relays without sacrificing more than a frac- 
tion of a cent in periods of large volume 
production. With this in mind, Fig. XI-1 
has been prepared showing the amount that 
can be spent on an existing code before 
taking out a new code. 
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Fig. XI-4 - Power Cost 
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$38000 MARKER 17000 MARKER 
PRICE - PRICE 

WKRS. PER PER PER PER PER PER 
PER LIME LINE MKR. CLINE LINE MKR. 
LING (4KR. PER PER (MKR. PER PER 
COST) M.S. MS. COST) 5S. M.S. 

OOF 425.0 ¥ 050 ¥50.0 417.0 S34 $54.0 
.0008 20.0 .050 62.5 136 .034 42.5 
.0006 18.0 .030 83.3 10.2 .034 86.7 
.0004 10.0 .080 12530 68 .034 85.0 
.0002 68.0 .080 250.0 3.4 .034 170.0 


Fig. 


MARKER WORK TIME — SECONDS. 


XI-5 - Cost of Marker Holding Time 


$ 10000 MARKER. 


‘PER 
MER. 
PER 
a. S. 


820.0 
25 .O 
33.4 
$0.0 


“PRICE 
PER PER 
LINE LIne 
(MKR. PER 
COST) M.S. 
AAAS 
¥10.0 Yo20 
8.0 .620 
6.0 .020 
4.0 .020 
2.0 .020 
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MATERIAL TOTAL 4% First cost or POWER PLANT 


POWER PLANT 


eee bls TEL TrT Te 
800,000 TO USE: — 
700,000 A —FROM DRAIN CURVE,READ 48 VOLT BH INITIAL AND ULTIMATE DRAINS IN AMPERES. 


tN ABSENCE OF DEFINITE INFORMATION, ASSUME INITIAL CORRESPONDS TO 
EQUIPMENT STUDY PERIOD & ULTIMATE 1S TWICE INITIAL. 


B— DETERMINE $ CURVE TO USE FROM ULTIMATE DRAIN: 
THAT 1S, USE LEAST 4 CURVE THAT WILL ACCOMODATE ULTIMATE DRAIN. 


C— READ INITIAL POWER PLANT $ FROM THE CURVE SELECTED. 


600 000 
500,000 


400,000 


300,000 


200,000 


1onw $5500 


ADO TO CURVE VALUES 
IF ENGINE RESERVE 
PLANT IS REQUIRED 


AMPERES 


NOTE VALUES ARE FOR NEW STANDARD POWER PLANTS IN MEDIUM SIZE BUILDINGS AND ARE INTENDED TO 
REFLECT AVERAGE CONDITIONS, THEY TEND TO UNOERSTATE THE PROBABLE PRICE WHERE: 
PBX DEVELOPMENT IS LARGE, BATTERY RESERVES ARE OVER 4 BUSY HOURS; THE POWER PLANT ALSO 


ghaves REPEATERS, LARGE TOLL BOARDS. CENTRAL “A” BOARDS, TEST CENTERS,ETC.; THE BUILDING IS LARGE 
WITH LONG AC SERVICE LEADS, LONG OC DISTRIBUTION, ETC. 


VALUES TEND TO OVERSTATE THE PROBABLE PRICE WHERE: 
PBX DEVELOPMENT 1S SMALL; BATTERY RESERVES ARE YNDER 4 BUSY HOURS: SWITCHBOARD IS NOT 
SERVED BY THE POWER PLANT; MANUAL CONTROL IS TO BE USED: GROWTH OF LESS THAN 2 OFFICES 
IS TO BE PROVIDED FOR. ; 


PRICING FOR POWER PLANTS DEVIATING FROM STANDARD, AND FOR ADDITIONS, REQUIRES MODIFICATIONS 
AND ADJUSTMENTS TO -RECOGNIZE THESE DEPARTURES. 


Fig. XI-7 - Power Plant Cost 


ECONOMICS 


XT-14 


AC breakdown X-3 
Actuating card I-6, I-10, III-2 
Actuation of contacts T-1, IX-2 
Adjustments, 
check IX-7 
soak ITt-2 
test TT-2 
use of other than M speci- 
fication -2 
Adjusting tools VIII-5 
Administration costs XI-5 
AG relay design procedure TX-8, IX-1 
Airgap, 
critical load [IX-2, IX-19 
eritical load, AG relay IX-25 
determination Ix-4 
unoperated IX-4, IX-6 
values, AF, AJ, AK relays IX-19 
Allowable heating | Iv-4 
Allowable number of spare con- 
tacts If-1 
Ampere turns, 
hold AF, AJ relay IX-6 
hold AG relay IX-11, IX-25 
minimum X-6 
nonoperate X-5, IX-13, IX-26 
operate AF relay IX-19, IX-21 
operate AG relay IX-12 
operate AJ relay TIX-19, IX-22 
operate AJ relay with lami- 
nations IX-19, IX-23 
operate AK relay IX-19 
operate, detailed method IX-5 
operate, simplified method Ix-4 
release TX-6 
release AG relay IX-l1l, IX-12 
Annual code cost XI-6 
Annual power XI-4 
Armature, T-4 
back tension II-2, VIII-2, IX-3 
: TX-6, IX-10 
back stop IIT-2 
embossing Ix-8 
hinge tension IX-4, IX-10 
leg clearance I-5, VITI-3 
rebound T-5, I-13 
travel T-8, II-3, III-1 
Cl-2 
Assembly methods XI-6 
Available coils X-3 
Average 
operate current VII-4 
operate time VIT-4 
release time VIT-4 
Backstop position Ix-4 
Back tension -2, VIII-2, IX-3 
: TX-6, IX-10 
speed coils VIII-2 
Balance spring T-5, TII-3 
tension IX-3, IX-10 
thickness, AF, AJ, AK relays TX-4 
thickness, AG relay IX-10 
Battery and ground on 
adjacent springs TI-3 
Before turnover gauging VIII-2 
blocking relays IT- 
Break-contact load points I[X-2 
Buffer spring TIT-4, VIII-3, IX-10 
cost XI-1 
gauging Ix-4 
tension VIII-3, IX-11 
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INDE 


Capability pull curves IX-1 
Card, actuating ; I-7, IIiI-e 
Chatter, 
hesitation I-12 
initial I-11 
rebound T-12 
shock I-12 
Check adjustments IX-7 
Choice of load or mags- 
controlled operate time VII-2 
Circuit, 
equivalent VIL-7 
preparation TI-3 
simulated VII-8 
variations XI-2 
Code, 
information II-1 
numbers IT-1 
Coil, 
assembly X-3 
available X-3 
conductance VII-9 
cost X-7 
cost comparisons XI-1, XI-3 
design - 
dimensions - 
fast operate - 
filled - 
full spool - 


x 


most economical 

secondary windings 

selection of wire insulation 
specific resistance 

use of formex wire. 

winding dimensions 

winding methods 

Conductance, 


ra 
rread | 


al 


1 


Biatesies Etre t Ves md PS HPS 
AWW FMW Fr ON & 


coil e VII-9 
core (Ge VII-9 
sleeve (Gs) VIT-9 
thermal Iv-2, X-6 
Contact, 
actuation I-8, III-1, Ix-2 
adjustment 1-5 
arrangement I-1, t1i-2 
chatter 1-11 
cover 1-10 
force I-8, II-3, III-2 
VIII-2, IX-3 
gauging If-2, VItI-1, VITI-5 
insulating II-3 
life, make only VI-2 
life unprotected VI-2, VI-3 
light force IX-3 
metal IT-3 
numbering TIT-4 
protection VI-3 
protection, determination of vVI-4 
rebound I-12 
reliability VI-5 
replacement ; VI-2 
sequence (s) I-8, III-2, VIII-1 
size Vi-e 
stagger time VIT-5 
trouble-free operation VI-2 
welding method VI-1 
Core, 
conductance VII-9 
laminations T-4, X-3 
plate L- 


plate dimension A Ix-4, IX- 


Core - (cont) 


INDEX (Cont) 


Plate P numbers IX-6 
Correction for, 
saturation vViI-2, VII-3 
stop-dise height VII-10 
Costs, 
buffer spring XT-1 
coils X-2, XI-1 
extra adjustments XI-1 
extra relay features XI-7 
extra springs XI-1 
laminations XI-1 
long life features XI-1 
marker holding time XI-3 
new code XTI-5 
power XI-4, XI-5 
sleeves XI-1 
Cover, contact I-10 
Critical 
load airgaps IX-2, IX-19, IX~-25 
load points IX-2, IX-20 
operate loads, 
AF, AJ, and AK relays IX-20 
AG relay, IX-27 
release loads Ix-24 
Crosstalk v-4 
Current flow requirements II-2, IX~6, IX-8, 
IX-13 
Definitions 
average operate time VIT-1 
average release time VITI-9 
maximum operate time VII-1 
maximum release time VII-9 
minimum operate time VII-1 
minimum release time VII-9 
Design procedure for 
AG relay IX-9, IX-25 
AG relay with shunt IX-1'7 
AG relay with sleeve IX-16 
fastest operate time VITI-5 
Determination of airgaps rx-4 
Dimension A, core plate IxX-4, IX-6 
Dimensions, winding X-3 
Duty cycle IV-2 
Effect of heating on release 
time IX-9 
Electrical operate time ViIlI-e 
Electrical release time VII-9 
Embossed armature IxX-8 
Equivalent circuits VII-7 
Equivalent nonoperate VII-3, IX-6 
Extra features, cost of XI-1 
Extra springs, cost of XI-1 
Fast operate coil design X-6 
Filled coils X-1 
Flexible mounting I-13 
Formula, winding resistance X-5 
Formex wire, use of X-3 
Full spool coil x-4 
Gauging 
before turnover values VIIt-2, VIII-5 
buffer spring TxX-4 
contacts Ii-2, VIIT-1 
maintenance test VIII-2, VIII-5 
M specification VIII-1, VIII-5 
readjust VIII-1, V -5 
wired equipment test VIlI-2, VIIT-5 
Gram load, 
determination IX-3 
hold [X-20 


ii 


maximum TX-14 
Grounding strap T-14 
Heating, 
allowable IV-3 
conditions Iv-3 
duty cycle Iv-2 
effect on release time TX-9 
formulae Iv-4. 
48-hour Limit Iv-2 
indefinite IV-2 
intermittent IV-2 
limits IV-3 
maintenance TV-2 
normal IV-1 
trouble IV-1 
Hesitation I-13 
Hesitation chatter I-12 
High-operation relays II-1 
Hinge tension IX-4, IX-10 
Hold ampere turns -6, IX-1i 
Hold procedure, 

AF, AJ, AK relays IX-19 
Hold procedure, AG relay IX-25 
Inductance values VII-6 
Information, code II-1 
Tnitial chatter T-11 
Tnitial watts IV-3 
Initial watts, duty cycle applies IV-2 
Insulating contacts It-3 
interleaving X-1 
Intermittent heating IV-2 
Laminations T-4, X-3 

cost of XI-1 
Layers of wire, number of X- 
Leg clearance, armature I-5, VIII-3 
Life expectancy I-11 
Life, long T-11, II-1 
Life, unprotected contacts ViI-2 
Light contact force IX-3 
Load-controlled operate time Vilt-e 
Load curves, maximum TX-5 

Load points, 

AF, AJ, AK relays IX-20 

AG relay IX-25 

eritical IX-2, IX-20 
Long life features, I-11 

cost of XT-1 

agnetic interference, V-1 

on AK relay v-4 

on relay adjustment V1 

on relay performance V-3 

pattern V-l 

agnetic structure T-4 

aintenance, 

heating IV-2 

specifications IT-3 

test gauging VIII-e 

ake-contact load points IX-2 

arker holding time, cost of XI-1, XI-3 

ass-controlled operate time VIT-4 

aximum, 

armature back tension IX~6 

gram load determination TX-14 

load curves IX-5 

operate time, load-controlled VII-3 

operate time, mass-controlled VII-4 

operated load, AF, AJ, AK relays IX-20 

operated load, AG and AK relays IX-29 
release time, 

AG and AK relays IX-11 
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release time, (cont) 
no shunt 

protected 

with shunt 

with sleeve 

AK domed armature 


IND] 


] 


Mechanical operate time 
Mechanical requirements VIII-1, 
Minimun, 
ampere turns X-6 
circuit closure, AG relay TIX-9 
operate time, load-controlled VII-3 
operate time, mass-controlled VII-4 
operated loads, AF, AJ, and AK 
relays [X-24 
operated loads, AG and AK 
relays IX-30 
release ampere turns, 
AG and AK relays [X~-11 
release time, 
AG and AK relays IX-11 
AK domed armature VIT-1e2 
no shunt VII-10 
protected VIT-11 
with shunt VII-11 
with sleeve VIT-11 
Mounting T-1 
Mounting centers T-8 
Mounting, flexible I-13 
M specification gauging VIII-1 
Network, protection VI-3 
New relay, when to code XI-1 
Noninductive, 
shunt AG relay IX-8 
shunt AF, AJ relays VII-3 
shunt AK relay IX-8 
windings X-3 
Nonoperate, 
ampere turns IX-5 
AF, AJ relays IX-5 
AG relay TX-12, IX-26 
equivalent IX-6 
for speed coils IX-6 
Normal heating IV-1 
Number, 
code IT-1 
layers of wire X-5 
turns X-5 
turns per layer X-5 
Numbering of terminals T-4 
Number of springs 
AF relays I-1 
AJ relays T-4 
AK relays T-4 
Open circuit release, no shunt VIT-10 
Operate ampere turns, 
AF relay IX-e2l 
AG relay IX-12, IX-25 
AJ relay IX-22 
AJ relay with laminations IX-23 
detailed method IX-5 
procedures IX-19, IX-25 
simplified method Ix-4 
Operate current, average VII-4 
Operate loads, 
critical AF, AJ, AK relays IX-20 
critical AG relay IX-27 
maximum AG and. AK relays IX-29 
minimum AG and AK relays IX-30 
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aan 


Xx (cont) 


Operate times, IT-+3 
AF, AJ relays Vil-2 
AG relays VII-2 
AK relays VII-5 
average VII-4 
electrical VII-2 
load-controlled VilI-2, VII-3 
mass-controlled ViII-2, VII-4 
mechanical VII-2 
short coil VII-4 
short pulse T-14 
types of problems VII-1 

Operated position, (definition) rx-4 
maximum load, 

AF, AJ, and AK relays IX-20 

maximum load, 

AG and AK relays IX-29 

minimum load, 

AF, AJ, and AK relays Ix-24 

minimum load, 

AG and AK relays IX-30 
Optimum turns VII-6, X-6 
Permissible number of spare 

contacts II-1 
Position, backstop Ix-4 
Power, 

annual XI-4 
cost of XI-1, XI-4 
distribution XI-4 
plant size XI-4 
Pitch, winding X-5 
Procedure for obtaining hold, 
AF, AJ, and AK relays IX-6, IX-19 
AG relay IX-25 
AG relay with. shunt IX-17 
AG relay with sleeve IX-16 
nonoperate, AF, AJ relays IX-5 
nonoperate, AG relay IX-26 
operate, AF, AJ, AK relays IX-19 © 
operate, AG relay TX-11, IX-25 
release, 

AF, AJ, AK relays TxX-244. 

AG relay TX-26 

AG relay with shunt IX-17 

AG relay with sleeve IX-16 
Protection networks VI-3 
Pull curves, capability IX-1 
Ratio, stop disce-to-card VITI-1, Ix-4 
Readjust gauging VIII-1 
Rebound chatter t-1e 
Relay, 

AF -1 
AG [~1 
AJ T~3 
AK T-4 
AL T~4 
A Tied} 
blocking II-3 
high number of operations IT-1 
insulating contacts II-3 
life I-11 
test connections II-3 
transmission r-4 
24 make I-4, III-1 
24 break T-4, TIII-1 
Release ampere turns IX-6 
for maximum release time VII-10 
for minimum release time VIT-10 
minimum IX-6 


Release load, AF, AJ relays IX-6, IX-24 
Release procedure 
AF, AJ, and AK relays TxX-24 
AG velay IX-26 
Release time IIT-3 
AF, AJ, AK relays VII-1O 
AF, AJ relays, protected VILA b 
AF, Ad, AK relays, 
resistive. shunt VII-11 
AF, AJ relays, sleeve VII-11 
AG, AK relays TX-8, IX-11 
AG relay, shunt IX-17 
AG relay, sleeve IX-16 
AK relay, domed armature VII-12 
average VII-11 
determination IX-11 
effect of heating on IX-9 
electrical VII-9 
factors ; VII- 
soak effect VII-11, IX-9 
shunt down VIT-1e2 
Requirements, 
Circuit Requirements Table IX-9 
current flow TI-2, IX-6 
mechanical VIII-1, VIII-2 
Resistance, 
rise in IV-3 
thermal Iv-3 
variation TI-3, X-5 
Saturation, effect on operate time VII-3 
effect on release time VII-11 
Secondary winding X-3, X-5 
Selection of coils XT-2 
Sequences of contacts 1-8, TIL-2, VIII-1 
Shock chatter I-12 
Short-circuited wanaane Ix-8 
Short pulses operation T+13, I-14 
Shunt down release time VII-12 
Simulated circuits VII-8 
Single wires TIT-1 
Sleeve, Ix-8, X-4 
conductance VII-9 
cost of XI-1 
. Slow release windings x-4 
Slow release relays [x-8 
Soak, 
adjustment IT-2 
effect IX-9 
effect on operate time VII~3 
effect on release time VItT-1l 
requirements IX-9 
Spare contacts, allowable number Ti-1 
Specifications, maintenance II=3 
Speed coil design X~6 
Speed coil, nonoperate or release TX-6 
Spring, 
assemblies I-6 
balance T-5, III-3 
buffer III-4, VIII-3, IX-10 
combination numbers TIT-3, VITI-2 
number of, AF relay I-i 
number of, AK relay I-44, 
positions [TT-3 
tension of balancing IX-3, IX-10 
Stagger time (definition) VII-9 
load-controlled operate VIT-5 
mass-controlled operate VII-5 
- release with no shunt or sleeve VII-9 
release with shunt or sleeve VIT-11 


iv 


EX (Cont) 


Stop dises T-4, VITI-3 
correction for release : VII-10 
effective height TX-4 

Stop dise-to-card ratio VIII-1, IX-4 

Strap, grounding T-14 

Tension, 
balance spring TX-3, IX-10 
puffer spring TX-10 
hinge IX-3, IX-10 

Terminal, 
connection to I-21 
numbering TIT-4 

Test adjustments TT-+2 
connection II-3 
gauging values VIII-2 

Thermal conductance IvV-2, X-5 

Thermal resistance IV-3 

Thickness, balance springs Ix-4, IX-10 

Times, 
operate TI-3 
release II-3 

Tools, adjusting VIII-5 

Transmission windings X-5 

Travel, 
armature T-8, II-3 

ITI-1, VItI-2 
stages TITT-1 
time on operate VII-2 
time on release VII-9 

Trouble-free operation viI-2 

Trouble Hen bine, IV-1l 

Turns, 
optimum VII-6, X-6 
per layer X-5 

Twin wires ITI-1 

U turns X-5 

Unoperated airgap, AF, AJ relays IX-4, IX-6 

Unoperated airgap, AG relays IX-25 

Unprotected contact life vi-2, VI-3 

Use, other than M specification 

adjustments II-2 

Values of airgaps IX-19 

Watts, initial Iv-3 

Welding, contact : VI-1 

Wire constants X-4, X-13 

Wired equipment test gauging VIII-1 

Wire insulation X-3 

Winding 
arrangements x-4 
dimensions X-3 
pitch X-5 
resistance formulae X-5 
resistance variation II-3, X-5 
rise in resistance IV-3 
secondary ~ X-3, X-5 
temperature limits Iv-4 
transmission X-5 

Wear pads I-11, II-1 
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